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WHC-EP-0668
EXECUTIVE SUMMARY

Single-shell tank 241-C-109 is a Hanford Site Ferrocyanide Watch List
tank that was most recently sampled in September 1992. Analyses of materials
obtained from tank 241-C-109 were conducted to support the resolution of the
ferrocyanide unreviewed safety question (USQ) and to support Hanford Federal
Facility Agreement and Consent Order' (Tri-Party Agreement)

Milestone M-10-00.

Analysis of core samples obtained from tank 241-C-109 strongly indicates
that the fuel (e.g., ferrocyanide and organic) concentration in the tank waste
will not support a propagating exothermic reaction. Analysis of the process
history of the tank as well as studies of simulants provided valuable
informationlabout the physical and chemical condition of the waste. This
information, in combination with the analysis of the tank waste, supports the
conclusion that an exothermic reaction in tank 241-C-109 is not plausible.
Therefore, the contents of tank 241-C-109 present no imminent threat to the
workers at the Hanférd Site, the public, or the environment from its
_ ferrocyanide inventory. Because a propagating, exothermic reaction is not
credible, the consequences of this accident scenario, as promulgated by the

Generi] Accounting Office, are not applicable.?

1Ecology, EPA, and DOE, 1992, Hanford Federal Facility Agreement and
Consent Order, 2 vols., Washington State Department of Ecology,
U.S. Environmental Protection Agency, and U.S. Department of Energy, Olympia,
Washington.

2Peach, J. D., 1990, "Consequences of Explosion of Hanford's Single-Shell
Tank are Understated," (Letter B-241479 to C. M. Synar, Chairman of
Environment, Energy, and Natural Resources Subcommittee, Committee on
Government Operations, House of Representatives), GAO/RCED-91-34, General
Accounting Office, Washington, D.C.
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It is probable that tank 241-C-109 exceeds the 1,000 g-mol inventory
criterion established for placement on the Ferrocyanide Watch List. However,
extensive energetic analysis of this waste has determined a maximum exothermic
value of -12.4 cal/g dry waste, and in most cases, no discernable exotherm was
observed. This observation was further substantiated by total cyanide
measurements of less than 1.5 dry weight percent. This exothermic measurement
is substantially below the established level of concern, -75 cal/g ' In
addition, an investigation of potential mechanisms to generate concentration
Tevels of radionuclides high enough to be of concern (i.e., to cause in-tank
self-heating) was performed. No credible mechanism was postulated that could

initiate the formation of such concentration levels? in the tank.

Tank 241-C-109 waste is a complex material made up primarily of water and
inert salts. The insoluble solids are a mixture of phosphates, sulfates, and
hydroxides in combination with aluminum, calcium, iron, nickel, and uranium.
Disodium nickel ferrocyanide and sodium cesium nickel ferrocyanide probably
exist in the tank; however, there appears to have been significant degradation
of this material since the waste was initially settled in the tank. Most of
the 7Cs precipitated during the scavenging campaign (1955 to 1957)° appears
to still remain in the tank in an insoluble form, probably bound with the

remaining ferrocyanide. During the tank's service life, additional '*’Cs and

"Jewett, J. R., 1992, "Energy Measurements for Disqualifying Waste Tanks
from Watch Lists,"” Meeting Minutes, October 22, 1992, Westinghouse Hanford
Company, Richland, Washington.

Dickinson, D. R., J. M. MclLaren, G. L. Borsheim, and M. D. Crippen,
1993, Credibility of Drying Out Ferrocyanide Tank Waste Sludge by Hot Spots,
WHC-EP-0648, Westinghouse Hanford Company, Richland, Washington.

*Borsheim, G. L. and B. C. Simpson, 1991, An Assessment of the
Inventories of the Ferrocyanide Watchlist Tanks, WHC-SD-WM-ER-133, Rev. 0
Westinghouse Hanford Company, Richland, Washington.

iv



WHC-EP-0668

OSr was deposited after the scavenging campaign. The most prevalent soluble

analytes are primarily sodium, nitrate, and nitrite (refer to Table ES-1).

Comparisons of the calculated bulk inventories for various analytes of
concern show that tank 241-C-109 is within established operating safety
requirements for heat-load, organic content, and plutonium inventory.

Tank 241-C-109 is considered a sound, non-leaking tank.
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Estimated major Water Sodium N03- Uranium | NO,™ Phosphorus | Iron Calcium | Nickel Aluminum ] TOC
analyte inventory
Weight percent (Wt¥%) 36.5 8.1 4.0 %1 4.0 1.7 2.5 1.8 2.5 C 7.6 0.26
(wet solids)
Estimated total waste mass in tank 241-C-109: 303.3 My
Supernate: 18.7 Mg
Wet solids: 284.6 Mg
Estimated fission product inventory Vs gy
Bulk inventory, Ci 209,900 Ci 264,600 Ci
(wet solids)
Heat generation, W 9t W 1,772
Estimated plutonium/americium inventory 238Pu 239Pu 241Am
4
Bulk inventory, Ci 0.012 Ci 233.5 Ci 9t.1 Ci
(wet solids)
Bulk inventory, g 7.3E-04 g 3,800 g 26.5 g
(wet solids)
Analyte Safety issue criteria Calculated/messured value
Na NiFe(CN), (Wet solids) 1,000 g-mol 6,800 g-mol
AH {dry basis) -75 cal/g -12.4 caljg
2397280, 50 kg 3.8 kg
Temperature 300 °F (149 °C) 78 °F (26 °C)
Heat load 11.72 km 2.76 kw
Organic content 3.0 wtX TOC 0.41 WX

(ToC, dry basis)

(10X sodium acetate equivalent)

TOC = Total organic carbon.

"1-5S3 9qel

[L3YS-31buLS 40} AJRWWNS UCLIRZLABIDRUARYD

8990-d3-JHM
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Figure ES-1. Tank 241-C-109 Summary Tank Data.
Tank: 241-C-109

Tank Description
Type: Single Shell
North Constructed: 1944
e L T In-service: 04/48
Out of Service: 1976
100 Diameter: 75"
Usable Depth: 16’
Capacity: 530K gallons
Bottom shape: Dish
Hanford Coordinates:
43,003"' North
48,327 West
T Ventilation: Passive
e 06
Riser and Drywsli Locations ‘Leak Detection System
Tank 241-C-109 Surface Level: y
FIC Riser- None
Manual Tape Riser- R-01

LOW Riser(s)- None
Number of External Drywells: 6

Number of Lateral Wells: None

- Tank Status
Watch List: Ferrocyanide
Contents
Type: Non-Complexed Waste
Total Waste: 86K gallons
Supernate Volume: 4K gallons
Drainable Interstitial Liquid: OK gallons
Isolation Status
Date Interim Stabilized: 11/29/83
Date Interim Isolated: 12/15/82 '
Surface Lavel/Leak Status
Integrity Category: Sound
Manual Tape Surface Level: 18.00 Inches (11/23/92)
Last Photographed: 01/30/76

Temperature Status
Highest temperature during 1992:
88 deg F [09/30/92)
Comments:
Temperatures are stable,
Drywell Status
Comments:

Current drywell profiles were stable and consistent with established baseline
profiles.

02/02/93 255
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TANK CHARACTERIZATION DATA REPORT: TANK 241-C-109

1.0 INTRODUCTION

Analysis was conducted on materials obtained from tank 241-C-109 to
support the closure of the ferrocyanide unreviewed safety question (USQ).
Obtaining measurements that determine overall waste energetics is a key step
in closing the ferrocyanide USQ and safety issue. In addition, several of the
analytes contributing to the energetic properties of the waste need to be
measured as a function of position (e.g., total cyanide and n1trate/n1tr1te
present, water content, and the d1str1but1on and inventory of ®7Cs and %Sr in
the tank). Other object1ves that these measurements and inventory estimates
support are as follows.

« (Complete Hanford Federal Facility Agreement and Consent Order
(Tri-Party Agreement) Milestone M-10-00 (Ecology et al. 1992) to
sample and analyze two cores from each tank.

* Obtain estimates of both the concentration and total quantity of key
analytes relating to other safety issues, such as organics and
radionuclides.

* Provide input to risk assessment-based disposal decisions for the
waste.

« Implement physical property measurements, such as rheology, bulk
density, and particle size. These measurements are necessary for
the design and fabrication of retrieval, pretreatment, and final
waste disposal systems. -

1.1 PURPOSE

This report summarizes the available information regarding the waste in
tank 241-C-109, and arranges this information in a useful format for data
users in various internal and external organizations.

1.2 SCOPE

This report presents a broad background of preliminary information that
was available prior to core sampling, and which initially guided the
development of the sampling and analysis program. This material includes
historical information about the ferrocyanide-scavenging program, transfer
records, observations from in-tank photographs, and inferences from waste
simulant studies. The results of tank 241-C-109 core sample analyses are
summarized and presented, along with a statistical interpretation of the data.
The information cbtained from historical sources and synthetic waste studies
are compared with the actual waste measurements in this report.
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2.0 PRESAHPLING INFORMATION AND EVALUATION

2.1 BACKGROUND

Radioactive wastes from defense operations have accumulated at the
Hanford Site in underground waste tanks since the 1940's. During the 1950's,
additional tank storage space was required to support the United States
defense mission. To obtain additional tank storage volume within a short
period of time and to minimize construction of additional storage tanks,
Hanford Site scientists developed a process to scavenge radiocesium from tank
waste liquids (Sloat 1954, Abrams 1956). Ferrocyanide compounds were used in
a carrier-precipitation process to scavenge “'Cs and other soluble
radionuclides from the Hanford Site waste tanks. This treatment was used on
U Plant waste effluent, bismuth phosphate first decontamination cycle waste,
and selected wastes that had been previously discharged to the tanks. Some of
these wastes had been processed through the 242-B Evaporator prior to
scavenging. The radionuclides settled in the waste tanks and the supernate
was discharged to the cribs and trenches. As a result of this process,
occupied waste volume in the waste tanks was greatly reduced, while minimizing
the amount of Tong-lived radionuclides discharged to the ground.

In implementing this process, approximately 140 metric tons of
ferrocyanide {[as Fe(CN);‘] were added to the tanks. The bulk of the
ferrocyanide material is believed to remain in 18 to 24 single-shell
tanks (SSTs). Ferrocyanide is a stable complex of iron(II) ion and cyanide,
whose compounds are considered nontoxic because they do not appreciably
dissociate in aqueous solutions (Burger 1989). However, recent laboratory
data indicates that highly alkaline solutions can degrade ferrocyanide salts
(Babad 1993a,b). In the presence of oxidizing materials such as nitrates
and/or nitrites, ferrocyanide compounds can undergo uncontrolled excthermic
reactions in the laboratory by heating them to high temperatures (above 280 °C
[540 °F]). Because the scavenging process involved precipitating
ferrocyanides from solutions containing nitrate and nitrite, the potential for
a reactive mixture of ferrocyanides and nitrates/nitrites in the SSTs must be
evaluated.

2.1.1 Tank 241-C-109 History

Groups of waste tanks that were physically located together and built at
the same time are called tank farms at the Hanford Site. The original tank
farms (B, C, T, U) were built from 1943 to 1944. Each tank has a diameter of
22.9 m (75 ft), an operating depth of 5.2 m (17 ft), and a nominal capacity of
2 million liters (530,000 gal). The basic design of a typical SST is shown in
Figure 2-1. The tank was constructed of reinforced concrete with a mild steel
liner covering its bottom and sides. The top of the tank is a concrete dome.
Tanks such as 241-C-109 were covered by at least 1.8 m (6 ft) of soil for
shielding purposes (Anderson 1990). Tank 241-C-109 was placed into service
in 1946.

The tanks in the tank farms were connected in groups of three or four and

overflowed from one to another (known as a cascade). Tank 241-C-109 is the
last tank in a cascade that includes 241-C-107 and 241-C-108.
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Figure 2-1. Typical Single-Shell Tank Diagram.
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Cascades served several functions in Hanford Site waste management operations.
By cascading tanks, fewer connections needed to be made during waste disposal.
Consequently, all three tanks were usable without having to connect the active
waste transfer line directly to each individual tank. This handling method
reduced the likelihood for perscnnel exposure to the waste and diminished the
chances for a loss of tank integrity because of overfilling. Another benefit
of the cascades was clarification of the wastes. When used in this manner,
most of the solids in the waste slurries routed to the tanks settled in the
first tank (241-(-107), and the clarified liquids cascaded on to the other
tanks in the series (241-C-108 and 241-C-109). Supernate from the final tank
in a cascade series was sometimes routed to a disposal trench. In this way
clarification reduced the potential amount of radiological contamination to
the environment,

The first type of waste that tank 241-C-109 received and stored was first
decontamination cycle waste from the bismuth phosphate process (1946 to 1952).
This waste would be comparatively high in bismuth, phosphate, and aluminum
because aluminum decladding waste was combined with it. The supernatant waste
was transferred to tank 241-B-106 in 1952, leaving a 38,000-L (10,000-gal)
heel, probably mostly solids. The tank was refilled with unscavenged uranium
recovery (UR) waste in 1953 (Anderson 1890). The UR waste solids were
comparatively high in uranium and iron, and low in bismuth and aluminum. The
available records do not show whether these wastes were added directly to the

tank or through the cascade overflow line from tank 241-C-108. Neither of
these waste types had any s1gn1f1cant fuel content or heat-generating
radionuclides (*'Cs or °%r), that could contribute to the exothermic
potential posed by the ferrocyanide wastes.

Beginning in May 1955, unscavenged UR waste already stored in 200 East
Area underground tanks at the Hanford Site was routed to the 244-CR vault for
scavenging (refer to Figure 2-2). The 244-CR vault facility contained
stainless steel tanks with chemical addition, agitation, and sampling
capab111t1es The pH was adjusted with HNO; and/or NaOH to pH 9.3 * 0.7, and
Fe(CN) and Ni*? jon was added (generally to 0.005 M each) to prec1p1tate

If laboratory analysis of the feed tank indicated additional °

decontam1nat1on was necessary, ca1c1um nitrate was also added (Sloat 1955)
There was also an effort to scavenge Co with Na,S. From Tate 1955 until
1958, tank 241-C-109 was used for settling scavenged ferrocyanide waste.
Dur1ng ferrocyanide-scavenging operations, waste was not cascaded through the
tank 241-C-107, -108, -109 series. Tank 241-C-109 received the waste slurry
in direct transfers from the process vessel (General Electric 1958). The
scavenged waste was settled, sampled, and decanted to a crib. The settling
tanks for this In Farm scavenged waste were tanks 241-C-108, 241-C-109,
241-C-111, and 241-C-112.

The In Farm precipitate comprises approximately 20 to 25 percent of the
total ferrocyanide material in the Hanford Site tank farms. This material is
expected to possess a much higher ferrocyanide concentration content than the
more prevalent U Plant material (70 percent of the total ferrocyanide
material). Analytes that differentiate ferro7yan1de waste from other wastes
are elevated levels of nickel, calcium, and Over time, additional
gravity settling may have compressed the waste 1ayers, increasing the
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Figure 2-2. In Farm Flowsheet.
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concentration of some of these analytes. However, the interactive effects of
radiation and high pH conditions from later waste additions on the waste
matrix is largely unknown. Exposure of the waste to these conditions is
believed to have degraded the ferrocyanide. However, laboratory results
confirming that hypothesis are still pending (Lilga et al. 1992;

Babad et al. 1993a,b).

The first transfer of scavenged waste for settling was in the fourth
quarter of 1955. In Farm scavenging was completed in December 1957
{General Electric 1958). The inventory of solids in tank 241-C-109 at the end
of the ferrocyanide-scavenging program, as calculated by the Borsheim-Simpson
(1991) model, was 413,000 L (109,000 gal) with essentially no free supernate.
A revised calculation using more appropriate solid formation values
{Appendix A) gives a total inventory of 413,000 L (109,000 gal) and a solid
inventory of 220,000 L (58,000 gal). The scavenging record (General
Electric 1958) gives the overall tank level as 0.89 m ( 2 ft 11 in.) (413,000
L [109,000 gal]). A History of the 200 Area Tank Farms (Anderson 1990)
reports a total volume of 424,000 L (112,000 gal), but lists 341,000 L (90,000
gal) of that inventory as solids (the reading previous to this was 193,000 L
[51,000 gal]). The waste inventory values believed to be most representative
of the solids level (and overall waste inventory) in this timeframe range
between 51,000 and 58,000 gal. The wide variation in the waste levels between
sources is not reassuring and contributes to significant uncertainty regarding
tank inventory calculations.

After the end of scavenging in early 1958, tank 241-C-109 remained in
active service. However, the tank had relatively limited activity from 1958
to the end of its service 1ife in 1980. In the third and fourth quarters of
1959, a total of 1.57 M L (415,000 gal) of highly alkaline cladding waste and
evaporator bottoms (wastes known to contain substantial amounts of solids)
were added to the tank, but the reported solids inventory (341,000 L
[90,000 gal]) did not change (Anderson 1990). From the known information, it
seems 1ikely there would be an increase of solids and that a transcription
error may have occurred. Cladding waste solids would have settled on top of
the ferrocyanide sludge already present.

Several small transfers with relatively high concentrations of *’sr
occurred after 1958. In 1962, 519,000 L (137,000 gal) of liquid was
transferred to the BY Farm. Waste from the strontium semiworks/hot semiworks
was then added at different times to the tank, increasing the total volume
listed to 2.02 M L (535,000 gal)} at the end of 1964 (the reported solids
inventory was still 341,000 L [90,000 gai]). The listed volumes for the
fourth quarter report in 1966 are a total volume of 2.09 M L (552,000 gal),
with a solids volume of 299,000 L (79,000 gal) (Anderson 1990). While this
solids level measurement was the second taken since additional waste was added
to the tank following the last scavenging pumpout in 1958, it was the first to
use a new electrode to perform the overall volume .measurement.

The reported waste volume remained essentially unchanged (between
2.01 and 2.04 M L [543,000 and 552,000 gal]) until a receipt of 72,000 L
(19,000 gal) from tank 241-C-203, and a transfer of 1.50 M L (397,000 gal) to
tank 241-C-104 occurred in the first quarter of 1970. This transfer left a
heel of at least 609,000 L (161,000 gal). A floating suction pump transfer
would not have transferred any solids because the maximum reported solids
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level was 413,000 L (109,000 gal) and it was probably lTower than that. In
addition, there was no mixing equipment in tank 241-C-109 to move the settled
ferrocyanide solids into the overlying solids layer. In the second guarter of
1970, an additional transfer of 1.42 M L (375,000 gal) from tank 241-C-110 was
received. Between 1970 and 1975, the reported solids volume fluctuated widely
between 401,000 and 235,000 L (106,000 and 62,000 gal), and the total volume
reported decreased from 2.06 M L to 235,000 L (543,000 to 62,000 gal)
(Anderson 1990).

Some solids may have been transferred, as the reported tank solids volume
decreased from 485,000 L (90,000 gal) to 299,000 L (79,000 gal). However, the
solids transferred would have been those that settled on top of the
ferrocyanide solids (i.e., cladding waste/evaporator bottoms solids;
ferrocyanide waste levels are at ~58,000 gal). The wide fluctuation makes it
difficult to derive any firm conclusions regarding the stratification in the
tank. Overall sludge volume in the tank may have decreased somewhat between
1958 and 1975 with further settling and compaction from the weight of
overlying solids. Although, the amount of sludge added since the end of the
scavenging campaign is not easily quantifiable, it is Tikely that the
measurements are biased high. Floating suction pumps do not transfer solids
readily, and the movement of 76,000 to 152,000 L (20,000 to 40,000 gal) of
solid seems unlikely. With the large amounts of concentrated wastes in this
tank, there is the possibility that relatively unsaturated supernatants that
were transferred into the tank later in its service life redissolved
significant amounts of waste and distributed the material elsewhere in the
tank farms. The final solids measurement prior to the end of active service
(1980) and the present tank surveillance measurement (1983) are identical,
235,000 L (62,000 gal), and not much above the estimated ferrocyanide waste
Tevel (220,000 L [~58,000 gal]). Appendix A has the results of a model that
represents the inventory changes in the tanks with various initial conditions
and solids formation valves after scavenging operations were completed.
Therefore, it is estimated that an additional 15,000 L (4,000 gal) of solids
is remaining from the transfers into the tank on top of the ferrocyanide
during its active service.

The last of the major waste types was aluminum cladding waste. These
materials would be high in aluminum and silica, with a very high pH (>1.0 M
NaOH; pH > 14). However, the solids volume contribution to the tank is
unknown because the majority of the solids would be deposited in the first
tank to receive the wastes, which was not tank 241-C-109. The high pH of this
waste is considered a significant factor affecting the state of the waste
matrix. Other wastes had discernable impacts on the bulk characteristics of
the tank contents as well. The strontium semiworks waste had a small volume
of waste added, but would have a very high sy content because it included
strontium recovery and purification waste losses. The B Plant ion-exchange
waste was primarily liquid and was not expected to contribute significantly to
the solids in the tank.

2.1.2 Unreviewed Safety Question Declaration
Efforts have been underway since the mid-1980's to evaluate the potential

of a ferrocyanide combustion reaction in Hanford Site S3Ts (Burger 1989;
Burger and Scheele 1990; Burger 1984). [In 1987, the Frinal Environmental
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Impact Statement, Disposal of Hanford Defense High Level, Transuranic and Tank
Wastes, hereinafter referred to as the HDW-EIS (DOE 1987), was issued. In the
HDW-EIS, it was projected that the bounding "worst-case" accident in a
ferrocyanide tank would be an explosion resulting in a subsequent short-term
radiation dose to the public of 200 mrem.

A later General Accounting Office (GAO) study postulated greater
worst-case accident consequences, with independently calculated doses one to
two orders of magnitude greater than the HDW-EIS (Peach 1990). 1In
September 1990, a special Hanford Site Ferrocyanide Task Team was commissioned
to address all issues involving the ferrocyanide tanks, including the conse-
quences of a potential accident. On October 9, 1990, the Secretary of Energy
announced that a supplemental environmental impact statement would be prepared
containing an updated analysis of safety issues for the Hanford Site SSTs,
including a hypothetical ferrocyanide explosion. In October 1990, the
ferrocyanide issue was also declared an USQ because the consequences of the
accident scenario (as calculated by the GAO) were outside the bounds of the
current safety analyses for S$STs. Furthermore, additional monitoring of tanks
with designated USQs was mandated by Public Law 101-510 (1990).

Using a computer model output {(Jungfleisch 1984), process knowledge, and
transfer records, 24 waste tanks have been identified at the Hanford Site as
potentlilly containing 1,000 g-mol (465 1b) or more of ferrocyanide as the
Fe(CN),~ ion. On further investigation, six of these tanks are believed to
have received less than 1,000 g-mol of ferrocyanide sludge and are therefore
candidates for removal from the Watch List (Cash 1993). Tank 241-C-109 is on
the Ferrocyanide Watch List because it was a known process tank during the
ferrocyanide-scavenging campaigns. -

2.2 EXPECTED TANK CONTENTS/CONDITIONS

Process knowledge obtained from historical records and waste simulants
produced from the scavenging process flowsheets can be used to predict the
major constituents and some general physical properties of the waste matrix in
the waste tanks. Initially, the differences between the U Plant and In Farm
ferrocyanide sludges were not fully appreciated. However, further
investigation of the simulants showed that the In Farm process would be
expected to precipitate approximately 1.0 to 1.3 vol% solids, and thus the
sludge would have been deposited in the receiver tanks in layers approximately
3.6 to 6.1 cm (1.4 to 2.4 in.) thick. This is much less than the 4.25 vol%
and 15~ to 20-cm (6- to 8-in.) layers expected from the U Plant material. 1In
addition, there are some batches of waste that were scavenged and sett]ed in
tank 241 C-109 without ferrocyanide addition (scavenged for residual *°Co
and ° Sr) These materials may have some superficial similarity to the
ferrocyanide scavenged waste, however, they are expected to have no fuel
content and thus, no exothermic potent1a1 (the S% used in the %°Co scavenging
process is be11eved to have been converted to SO 2). The In Farm scavenged
ferrocyanide tanks (such as tank 241-C-109) are expected to -contain relatively
soft sludge, which can be push-mode sampled. This expectation was supported
by inspection of in-tank photographs. The other waste solids that were added
to the tank after the scavenging campaign are also expected to be soft.

During its operating history, tank 241-C-109 was never subject to any of the
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various in-tank solidification processes; consequently, there was no formation
of hard salt cake on top of the sludge (as there was in the BY Tank Farm).

The most recent waste inventory report for tank 241-C-109 shows 235,000 L
(62,000 gal) of solid waste with an estimated 15,000 L (4,000 gal) of
drainable liquids (Hanlon 1992). These figures translate to a waste depth of
79.9 cm (31.5 in.) at the tank centeriine. The tank was interim-stabilized in
November 1983, and is considered sound. Tank Farm Operations has installed a
second thermocouple tree in tank 241-C-109, and the readings between the two
thermocouple trees on opposite sides of the tank are consistent. The current
waste temperature in tank 241-C-109 is ~27 °C (80 °F), and the estimated heat
Joad in the tank is less than 2.93 kW (10,000 Btu/hr). Tank 241-C-109 is
considered to have one of the highest ferrocyanide concentrations of all the
ferrocyanide Watch List SSTs (Borsheim and Simpson 1991).

In summary, various nickel ferrocyanide complexes (primarily disodium)
are expected to be mixed with an interstitial solution containing sodium
nitrate and nitrite. Cesium-137 is expected to be present as a mixed salt
(probably as NaCsNiFe(CN),); strontium-90 may be in several potential
compounds; phosphate, su]%ate, or carbonate. Both of these radionuclides have
decayed through slightly more than one half-life, and therefore are not as
abundant as when the scavenging waste was origina]lg depositgg. Other fission
products with relatively short half-lives (such as *"Co and 1%Ru) are not
expected to be in abundance, especially with the 1imited number of waste
additions for this tank. Hydrated transition metal oxides/hydroxides
(including small amounts of transuranics) are also expected because of
alkaline conditions. Other ions expected to be present are potassium,
calcium, aluminum, and uranium. The supernate and interstitial liquid are
expected to contain large amounts of sodium, nitrate, and nitrite ions.

Table 2-1 presents some typical concentrations for identifier analytes in the
waste streams disposed of in tank 241-C-109.

2.3 ANALYTICAL RESULTS FROM SIMULANT STUDIES

Physical and chemical measurements performed on simuiants of ferrocyanide
tank waste provide additional information and perspective regarding the
condition and properties of the waste in tank 241-C-109.

2.3.1 Simulant Formulation: In Farm 2 Flowsheet Material

The In Farm 2 flowsheet material is considered to be an energetically
conservative but reasonably close physical and chemical analogue of some of
the ferrocyanide precipitate in tank 241-C-109 as it was deposited in the tank
during the scavenging campaign. However, scavenging of evaporated cladding
and first-cycle wastes is expected to produce noticeable differences from the
uranium-recovered, scavenged TBP waste. In contrast to the results from
241-C-112, close agreement between the simulant properties and the waste
measurements (physical and chemical analytes) was not expected. The In Farm 2
flowsheet materials were prepared according to the foilowing instructions
(Jeppson and Wong 1993). The feed solution composition is listed in
Table 2-2. Deionized water was used for feed solution and chemical addition
makeup.

2-9



dnl-tv-ucold

Table 2-1. Expected Concentrations for Characteristic Analytes
(Schneider 1951; Jeppson and Wong 1993).

Waste type Igﬁgﬂggr str-'reyaﬂl1 Ccao]ncpernotcr?astsi on
(pg/g wet solids)
1°* Decontamination cycle (1C) Bi 7,100
F 9,600
U 620
Si 2,400
Unscavenged uranium recovery (UR) U 1,700 - 32,500
Ferrocyanide {FeCN} Ni 18,700
Ca 30,000
CN 91,000 - 113,000
Decladding waste (CW) Al 72,200 - 96,200
U 340 - 450
Si 2,600 - 3,500
Hot semiworks (HS) s No Data - expected
elevated °Sr levels

Table 2-2. Feed Solution Composition for
In Farm 2 Flowsheet.

Component Concentration
Sodium nitrate (NaNO;) 3.75 M
Cesium nitrate (CsNOs) 0.00025 M
Sodium nitrite (NaNO,) | 1.25 M
Sodium sulfate (Na,SO,) 0.17 M
Sodium phosphate (Na;PO,) 0.16 M
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The preduct sludge was the precipitate produced when performing the
This procedure mimicked the actual In Farm 2 process that is

following steps.
illustrated in Figure 2-2.
adjusted to 9.1 * 0.5.
solution, followed by nickel sulfate.
1 hour, then struck with calcium nitrate.

The feed solution was heated to 40 °C and the pH
The sodium ferrocyanide was then added to the

The simulant solution was agitated for
After the addition of calcium

nitrate, the solution was agitated for another hour and allowed to settle.

The settling was done for eight days and the supernate was decanted.

The

remaining sludge was centrifuged at 2,100 g for 14 hours and 1,820 g for 7
days in an attempt to simulate 3.6 and 30 gravity-years of settling

respectively (Jeppson and Wong 1993).
two settled centrifuged sludges are presented in Table 2-3.

Selected physical properties for the
Table 2-4

presents an estimate of the chemical composition of the In Farm 2 simulant.

2.3.2 Simulant Physical Characteristics (see Jeppson and Wong 1993)

Table 2-3. Summary of In Farm 2 Simulant Characterization Data.
Centrifugation Property In Farm 2 sludge
Water content, sludge 51 wth
30 gravity/yr |pH, supernatant 9.42
Bulk density, sludge 1.39 g/mL
Bulk density, supernate 1.27 g/mL
Particle density (dried 2.38 g/mL
sludge)
Particle size 97% < 2 pm
distribution, Median diameter*: 0.76, 0.76 pm
{by number) Acquisition Range: 0.5-150 pum
Particle size 100% < 110 um
. distribution, Median diameter*: 14.3, 16.8 pum
3.6 gravity/yr {(by volume) Acquisition range: 0.5-150 gm
Hydraulic conductivity 4.0 x 107 cm/s
{permeability)
Total porosity 67.9%
Thermal conductivity 1.82 W/meK @ 39 °C
2.16 W/meK @ 56 °C
2.82 W/meK @ 68 °C
2.04 W/meK @ 72 °C**

*Two separate measurements.
**Jeppson and Wong (1993} noted an anomalous data point, but were
unable to explain the inconsistency of the observation,
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2.3.3 Simulant Chemical Composition (see Jeppson and Wong 1993)

Table 2-4. Estimated Composition of Homogenized, Centrifuged,
Ferrocyanide Sludge Simulant.

S]udge component A:zg;g: ;3a£§?2n2
Disodium mononickel ferrocyanide: Na,NiFe(CN), 0.101
Sodium nitrate: NaNOQ; 0.174
Sodium nitrite: NaNQ, 0.051
Sodium hydrogen phosphate: Na,HPQ, 0.016
Sodium sulfate: Na,SO, 0.015
Calcium phosphate: Caz{P0,), 0.072
Water 0.51
m
Percent unknown--Tikely includes Fe, (Fe(CN),)s, Fe(OH)s, 6.0 .
Ni(OH),, and other trace compounds ?rom impurities.

2.3.4 FEnergetics Behavior of Ferrocyanide Sludge Simulant

Available chemical process information indicates that there were three
significantly different types of ferrocyanide waste (Sloat 1954; Schmidt and
Stedwell 1954). Nonradioactive waste simulants have been developed and tested
using this information. In Farm ferrocyanide waste, accounting for 20 to
25 percent of the total ferrocyanide waste, was formed from treating waste
that was already stored in the tanks. The waste in tank 241-C-109 was
produced using the In Farm process. Most of this waste had less inert solids
in the waste stream; therefore, it is believed to have been more concentrated
in ferrocyanide than other scavenged wastes. In Farm simulants exhibit
propagating exothermic activity when examined by differential and adiabatic
scanning calorimetry (DSC and ASC) (Cady 1992; Fauske 1992).

Estimates of tank waste reactivity, which were developed after the
ferrocyanide USQ was declared, were based on thermodynamic estimates (Colby
and Crippen 1991). Several chemical reaction pathways were evaluated and
heats of reaction were determined for each possible reaction from the
published heats of formation of the reactants and the products. For the
purpose of developing these estimates, the condition of the reactants is dry
solid reagents at standard temperature and pressure in a stoichiometric ratio.
The theoretical heats of reaction ranged in value from AH = -9.6 kJ/g to
AH = +19.7 kJ/g of Na,NiFe(CN),, and are listed below with their corresponding
chemical reactions.

(1) Na,NiFe(CN), + 54NaNO; + 22H,0 ----> 6Na,C0; + Fe0 + NiO + 60NO, + 44Na0OH
A = 419.7 KkJ/g of NaNiPe(CN),

(2) NaNiFe(CN), + 14NaNOg + 2H,0 ----> 6Na,COg + FeO + Ni0 + 20NO + 4NaOH
AH = -0.7 kJ/g of Na,NiFe(CN),
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(3) NaNiFe(Ch), + ONaNOy —-—-> 5.5Na,C0; + FeO + Ni0 + 7.5N,0 + 0.5C0,
41 = -68 kd/g of NaNiFe(Ch),
(4) Na,NiFe(CN), + 10NaNOyg -—--> 6Na,C0; + Fe0d + NiD + 6N,0 + 4NO
M7= 5.7 kd/g of NaNiFe(CN),
(5) Na,NiFe(CN), + 6NaNO, —-=-> 8Na,CO, + Fe0 + N0 + 6N, + 2C0,
| AH'= 29.6 kd/g of Na,NiFe(CN),

At temperatures below 1700 °C (3100 °F), the carbonate product is
thermodynamically favorable and should predominate (Scheele et al. 1991).
Note that considerably lower energy releases are obtained if the reaction is
incompiete or if NO or NO, is formed rather than N, or N,0. A three-component
diagram illustrating the exothermic potential of various mixtures of
ferrocyanide, nitrate, and inerts is presented in Figure 2-4. Further detail
regarding the thermodynamic estimates of these mixtures is presented in Colby
and Crippen (1991}. '

The waste simulants prepared using the In Farm and U Plant process
flowsheets were tested for chemical activity (Fauske 1992). Chemical and
physical analyses of the In Farm and U Plant waste simulants show that they
contain an average of 51 and 66 wt% water, respectively, after centrifugation.
The centrifugation was done to represent 30 gravity-years of compaction that
may have occurred during storage. This amount of water in the waste matrix
presents a tremendous heat sink that must be overcome before any reactions can
become self-sustaining. During the DSC examinations, the samples exhibited
large endotherms between room temperature and 150 °C (Jeppson and Wong 1993).
Results from thermogravimetric analyses being run at the same time showed a
large loss of mass (i.e., evaporation of water) in this same temperature
range; thus, reactions were only able to occur in dry or nearly dry sample
material (Cady 1992). Average ferrocyanide content of the In Farm 2 waste
simulants is approximately 10.1 wet wt% (20.6 wt% dry). Table 2-5 presents
the AH found for some simulant materials.

Table 2-5. Heats of Reaction of Various Simulants {Fauske 1992).

M Wt% Ferrocyanide| Calculated AH
Material (From adiabatic (dry) per gram
_ calorimetry} [Na_NiFe(CN),] Na,NiFe{CN),
U Plant 1 simulant |-0.17 kJ/g of dry 4.3 -3.85 kJ/g
material
U Plant 2 simulant |-0.34 kJ/g of dry 8.6 -3.95 kd/g
(Bottom fraction) material
In Farm 1 simulant |-1.20 kJ/g of dry 25.5 -4.71 kd/g
(Bottom fraction) materiail

The onset temperatures for propagating reactions to take place in the
simulants range from 244 °C to 278 °C (471 to 532 °F). However,
Arrhenius-type reactions may occur at Tower temperatures (Fauske 1992).

NOTE: 4.18 J =1 cal.
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Figure 2-4. Ferrocyanide Tank 3-Component Diagram.
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3.0 CORE SAMPLING

3.1 DESCRIPTION OF SAMPLING EVENT

Tank 241-C-109 was push-mode core sampled through three risers from
September 2, 1992, to September 7, 1992. One segment was expected from each
core sample. Core 47 was obtained from riser #6. Core 48 was obtained from
riser #7. Core 49 was obtained from riser #2. The core samples from tank
241-C-109 were obtained using a specially designed core sampling truck (CST).
The sampling equipment is mounted on a rotating platform on the CST. Access
to the interior of the tank is provided by various tank risers. These risers
are pipes of various diameters leading into the tank dome from the ground.
The riser configuration for tank 241-C-109 is given in Figure 3-1. A review
of the tank farm operating records and a field inspection of the tank risers
determine which risers can be used in the sampling operation. A riser is
opened and the CST is positioned over the riser. The sampler is Jowered into
the tank through the drill string and pushed into the waste.

The sampler is constructed of stainless steel and is 48 cm (19 in.) long,
with a 2.2-cm (7/8-in.) inside diameter, and has a volume of 187 mL
(0.05 gal). Tank Farm Operations has determined that sampling events of one
or two segments do not require hydrostatic head balance fluid. Therefore,
none was used in this operation, which eliminated any potential problems with
sample contamination. When a segment is captured by the sampler, it is sealed
within a stainless steel liner, and the liner is placed within a shipping
cask. The shipping casks are approximately 122 c¢m (48 in.) tall, 13 cm
(5 in.) in diameter, and have 2.5 cm (1 in.) of lead shielding. This degree
of shielding and containment protects workers from excessive radiological
exposure and prevents any liquids from the sample (or the sample itself) from
being lost. -

The casks were transported to the 325 Analytical Chemistry Laboratory for
characterization analysis. This laboratory is operated by Pacific Northwest
Laboratory (PNL) in the 300 Area of the Hanford Site.

3.2 CHAIN OF CUSTODY

A chain-of-custody record was kept during the sampling event for each
segment that was sampled. The chain-of-custody form is a one-page record that
is used to ensure that (1) the samplie is safely and properly transported from
the field to the laboratory, and {2) the correct personnel are involved in the
sampling operation and transportation of the sample to the laboratory.

A primary function of the chain-of-custody record is to provide radiation
survey data. This is a record of the radiation dose that is emitted from the
shipping cask. The dose rates in mrem/hour are measured from the top, sides,
and bottom of the cask. These values are recorded on the chain-of-custody
form and represent the radiation being emitted directly from the sample. The
last item recorded under the radiation survey data is the smearable
contamination. Smearable contamination represents the radiation from waste
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Figure 3-1. Tank 241-C-109 'Riser Configuration.
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material that is not sealed within the shipping cask; values greater than

100 mrem/hour are considered unsafe. Measuremenis are made both in the field
and in the laboratory. No smearable contamination was found with these
samples.

The chain of custody has several other important functions: (1) to
provide a brief description of the cask, sampler, and the expected contents of
the sampler (shipment, sample, and cask serial numbers for the specific
sampling event); (2) to provide summary information about the analytical suite
that the sample will undergo or reference the salient documentation; (3) to
provide traceability for the sample during transport; and (4) to ensure sample
integrity on arrival at the laboratory. This information is provided to
ensure that each sample can be uniquely identified. A summary of the most
pertinent data contained in the chain-of-custody forms for the tank 241-C-109
samples is presented in Table 3-1.

Copies of the chain-of-custody forms are on file at the Hanford
Analytical Services Management (HASM) office. From inspecting the
chain-of-custody records, there appear to be irregularities in the sampling
or transport of tank 241-C-109 samples. For example, some liner liquid was
found in the Core 47 and Core 49 samples. The liquid found in the liners is
assumed to be from the sampler. These irregularities merit a sample integrity
concern and potential safety concern (i.e., sample containment was
compromised). Further investigation and refinement of the sampler design is
in progress.

Table 3-1. Chain-of-Custody Summary.

Sample Core 47: 92-069 |Core 48: 92-070 {Core 49: 92-071
Place taken 241-C-109 Riser 6 |241-C-109 Riser 7 [241-C-109 Riser 8
Date taken 9/2/92 to 9/4/92 |9/4/92 to 9/6/92 |9/6/92 to 9/7/92
Date released 9/10/92 g/10/92 9/10/92

Time released 19:20 19:20 19:20

Sender L. L. Dean L. L. Dean L. L. Dean
Receiver T. K. Andrews T. K. Andrews T. K. Andrews
Place received 325 Building 325 Building 325 Building
Time received 21:45 21:45 21:45

Smearable < DL alpha < DL alpha < DL alpha
contamination < DL beta-gamma < DL beta-gamma < DL beta-gamma
Dose rate through 1 R/hr 2.5 R/hr 1.5 R/hr

the drill string

<DL = below detection 1imits
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4.0 SAMPLE PREPARATION/SAMPLE EXTRUSION

4.1 SAMPLE BREAKDOWN PROCEDURE

Because tank 241-C-109 has been identified as a Watch List tank (as
described in Section 2.1.2), more extensive analytical measurements are
required to resolve the safety concerns associated with this tank. To enhance
the resolution of the assays for key analytes, the analysis horizon for
characterization was determined to be one-quarter of a segment.

The sampler was removed ,from the shipping cask directly into the hot
cell. At this time, the sampler is placed into the horizontal position. The
sample was then loaded into the mechanical extruder and removed by pushing it
out from the back of the sampler with a piston. In this case, the sampler is
pressed against a fixed piston, forcing the sample into the extrusion tray.
If a full sample has been captured, the material nearest the valve (i.e. the
bottom end) was from a deeper part of the tank; the material near the piston
was closer to the surface. The sample and any liquids were collected on a
metal tray. Next, the mass of the segment and the approximate length were
recorded. From this information, the bulk densities of the segments can be
estimated. The sample volume is determined by measuring the Tength of the
extruded sample using a linear unit volume of 9.85 mL/in (3.88 mL/cm). Each
segment was divided into 12-cm (4%-in.) subsegments. Figure 4-1 illustrates
how the ferrocyanide SST segment sample was extruded and divided into
subsegments. A video record of the extrusions of each of the segments from
tank 241-C-109 was made, and color photographs documenting the extruded
segments were taken. :

Figure 4-1. Typical Single-Shell Tank Segﬁent Extrusion.

19 In. Segment

Extrusion Tray Sampler

Several different styles of nomenclature are used for distinguishing core
samples, sample segments, and subsegments in the existing literature. Two
major conventions are used in the documentation relating to ferrocyanide (and
core sampling in general). The first is designating the segment with the last
two digits of the calendar year (92-) and then numbering the segments
sequentially (-001, -002, etc.). This system resets itself every calendar
year. The second system distinguishes the tank, core, segment, and
subsegment. The first (bottom) 12 cm (4% in.) of the extruded sample is
assigned to the fourth subsegment and is uniquely identified (Tank ID - Core
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No. - Segment No. - D). The following three 12-cm (4%-in.) sections of the
extruded segment are labelled as C, B, and A, respectively. An example of
this naming protocol for the third subsegment from the first core is:
241-C-109-Core 47-Segment 1-B. If the extruded segment is less than 48 cm
(19 in.) long, then the same naming convention applies until no solid material
is left to make a complete 12-cm (43-in.) subsegment. The first 12 cm

(4% in.) is be assigned to the D subsegment. This second system of naming is
the primary convention used in this report. Where no tank identification is
given in this report, it should be understood as meaning tank 241-C-109.

4.2 HOMOGENIZATION TESTS

The subsegment and core composite samples are homogenized using a
mechanical mixer prior to analysis. This is done so that aliquots removed for
analysis will be representative of the entire subsegment or core composite.
Aliquots of the homogenized tank waste from Cores 48-1D and 49-1D were taken
to determine the efficacy of the homogenization procedure. However, there was
not sufficient sample material to perform a homogenization test on Core 47.
The samples were split into duplicates, acid digested, and assayed by
inductively coupled plasma-atomic emission spectroscopy (ICP) and gamma energy
analysis (GEA). This procedure is done to determine if the degree of mixing
achieved by the as-planned homogenization procedure was sufficient for the
remaining sampies to be homogenized and prepared for analysis. If the
analytes from the aliquots are within a relative percent difference {RPD) of
10 percent, the samples are considered homogenized. If there are several
analytes that are not within the specified RPD, the samples are mixed further
and re-assayed. Once homogenization was indicated, the remaining samples were
homogenized via the required procedure and prepared for analysis.

Core 48 showed significant differences between the means for the top and
bottom segments for several major analytes (Na, Al, Ca, Ni, and P). In
addition, large RPDs for between the segment samples were observed for Fe, P,
Si, and Mn. Results from the subsegment homogenization test compare well with
. the core composite values. Core 49 showed no significant differences between
the means for the top and bottom segments, but the test did show large RPDs
for many elements, with much of the variation occurring in the top sample
(RPDs ranging from 21 to 54%). These results indicate that acid digestion as
a sample preparation was not appropriate, and that potassium hydroxide (KOH)
fusion was required to dissolve this material. This behavior was not
unexpected because the simulant materials were very resistant to dissolution.
There were adequate amounts of Core 49 material remaining to perform another
homogenization test using a fusion dissclution sample preparation. The
results from this test indicate that some difference remained between the top
and bottom samples for Al and U, with Fe borderline. The RPDs between
replicates for each sample were within established acceptance criteria, except
for Mn, which is a trace analyte in this sample matrix. The KOH fusion
preparation step appears to improve the homogenization test analytes, but the
remaining differences between the top and bottom sample means indicate some
non-homogeneity in the samples.
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4.3 SUBSEGMENT-LEVEL ANALYSES

The objectives of subsegment-level analyses are to provide
(1) information as a function of depth pertaining to the overall waste
energetics, (2) the distribution of 37cs and P%Sr, (3) the concentration and
sotubility of the CN” present in the sampie, and (4) a higher resolution for
determining bulk tank composition for certain analytes. To accomplish these
goals, the limited suite of analyses listed in Table 4-1 was performed on each
homogenized subsegment. These analyses were conducted using the analytical
procedures identified in Tables I5-1 and I5-2 of WHC-EP-0210, Rev 3
(Hi11 et al. 1991), and as amended in Hill (1991). Brief descriptions of the
sample preparation and assay methods are presented. Laboratory procedures
used are described in detail in Simiele (1991).

Table 4-1. Subsegment-Level Analysis.

Direct Fusion dissolution Water leach
TOC/TIC ICP ( %;aIS) IC (Anions)
TGA GEA ("'Cs) CN
DSC sp pH
Total CN° GEA
Wt% H,0

DSC = Differential scanning calorimetry.

GEA = Gamma energy analysis.

ICP = Inductively coupled plasma - atomic emission

spectroscopy.

TGA = Thermogravimetric analysis.

TIC = Total inorganic carbon.

TOC = Total organic carbon.

Direct analyses are assays performed on the sample matrix with 1ittle or
no sample preparation. Several direct analyses were performed relating to the
energetic properties of the waste; total organic carbon (T0C), scanning
thermogravimetric analysis (TGA), DSC, total cyanide, and gravimetric weight
percent water.

The TOC was determined using hot persulfate. A sample is dissolved in a
sulfuric acid solution (90 °C+) to liberate inorganic carbon (carbonate).
Potassium persulfate (K,S,0;) is then added, and organic carbon is converted
to C0,, which is measured coulometrically. The total organic and total
inorganic carbon assays are not considered capable of reliably detecting
carbon contained in cyanide compounds in these waste matrices.

Scanning TGA and DSC are useful in determining the thermal stability or
reactivity of a material. TGA measures the mass of a sample while the
temperature of the sample is increased at a constant rate. In DSC analysis,
the heat absorbed/evolved over and above the usual heat capacity of the
substance is measured while the substance is exposed to a Tinear increase in
temperature.

4-3



WHC-EP-0858

Total cyanide analysis was done using a procedure developed at PNL for
these specific types of samples. The sample was dissolved in a solution of
ethylenediaminetetraacetic acid and ethylenediamine and placed in a
microdistillation apparatus. The total cyanide content was determined by
argentometric titration.

The gravimetric weight percent water was determined by drying the sample
for 12 to 24 hours in an oven at 103 to 105 °C and measuring the difference in
the weight of the sample.

Analyses that were performed on fusion-prepared samples were ICP and GEA
for radionuclides. Fusion dissolution analyses are assays performed on the
sample matrix after it has been fused with potassium hydroxide in a crucible
(nickel crucibles were used) and dissolved in acid. This preparation
dissolves the entire sample, whereas other sample preparation procedures may
not completely dissolve the sample matrix. However, one significant
disadvantage of fusion preparation is that large amounts of potassium
hydroxide are required to bring a sample into solution. Because of the high
dilution factor, trace elements are less likely to be correctly quantified if
they are detected at all. Elements that occur in abundance (major metals) or
are highly insoluble are likely to be detected better by the fusion results
than by any other sample preparation. Generally, fusion dissolution is the
preferred method of analyzing radionuclide content, with the exception of *“C
and *H (tritium). However, the sample preparation specified in the test
instructions for '“C (water digestion) is Tikely not the best for the
ferrocyanide waste. Difficulty with dissolving the sample with a water leach
and volatility associated with a fusion preparation will bias the % results
Jow for both sample preparations. An adequate sample Breparation method for
“C is not available for this sample matrix; however, ¢ is not expected to be
a significant contributor to the radionuclide content of the waste.

Water leach (or water digestion) analyses are assays performed after the
sample matrix has been digested in distilled/deionized water; the water is
then analyzed for soluble analytes. The soluble anions are determined by ion
chromatography (IC). The primary anions analyzed in this manner are fluoride,
chloride, nitrate, nitrite, phosphate, and suifate. In addition, free cyanide
and pH were also analyzed from water digestion samples.

4.3.1 Rheological and Physical Measurements

Only one 25-mL aliquot (from Core 47) was used for the full suite of
rheological and physical measurements. Viscosity, settling properties, fluid
behavior, and shear strength were some of the primary characteristics
investigated. The sample tested for these properties was not homogenized
prior to analysis. Some selected physical measurements were performed on all
of the core composites.

4.3.2 Subsegment Level Archive
Several analyses (adiabatic calorimetry, ferrocyanide speciation, and

total oxygen demand [T0D}) have been identified by the Waste Tank Safety
“rograms as reguiring developmental work. A sufficient amount of sample from
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each subsegment has been archived to perform these analyses when the
procedures for ihese analyses have been developed. The adiabatic calorimetry
assay will be performed on each subsegment if an exotherm of predetermined
parameters is detected by DSC analysis. The boundaries for performing
adiabatic calorimetry have been determined to be when the DSC exotherm is
greater than -75 cal/g and the sample has 15 wt% water or less; or when the
exotherm is greater than -125 cal/g, even if the sample has greater than

15 wt% water. Because of sample consumption constraints, the TOD test cannot
be run on samples from a subsegment drawn from the same core as a
rheology-assayed core.

4.3.3 Core Composite Level Analysis

One composite from each core was built and analyzed in accordance with
the complete baseline case core composite scenario detailed in Section 6.1
of WHC-EP-0210 (Hi11 et al. 1991) and as amended by Hill (1991). The type and
number of analytical tests performed are similar to the suite done on the
subsegments but are much more extensive. The free liquids from Cores 47
and 49 were combined and analyzed as a separate liquid core composite.

Selected radionuclides were measured on some of the water digestion
samples to determine the type and number of water soluble radionuctides.
ICP and atomic absorption (AA) spectroscopy were also performed on some of the
water digestion samples. These assays were performed to determine the amount
of soluble metal cations (ICP) or arsenic, mercury, or selenium (AA). In most
cases, these analytes were below the detection 1imits in the water digestion
samples, suggesting that most of the analytes are not water soluble.

Acid digestion is a preparation method where the sample is dissolved in a
mixture of nitric and hydrochloric acids. This preparation brings most of the
insoluble metals into a solution with a minimum amount of dilution, and is
usually best for detecting trace and some major metals. These properties are
the reason that acid digestion is generally used as the sample preparation for
the homogenization tests. The analyses performed on this preparation were
the ICP, GEA, and AA analysis (the AA analysis used nitric acid only).

IC analysis was not performed with the acid digestion preparation solution.

Major metals that were well quantified with fusion ICP analysis for
tank 241-C-109 were aluminum, calcium, iron, lead, sodium, and uranium.
Phosphorous and silicon are non-metallic analytes that were detected by the
ICP. In the case of these elements the value from the fusion sample
preparation is the more accepted gquantity. Although the assay was performed
in a nickel crucible, nickel values from the fusion preparation will be
reperted because they are important to interpreting the overall results. This
is done with the understanding that they are biased high. A zirconium
crucible was initially recommended for use with these assays to eliminate any
potential nickel bias, but the sample matrix reacted with the zirconium during
the fusion procedure. Potassium readings from the ICP fusion are not reported
because potassium hydroxide was used to dissolve the sample and the potassium
results are not important to characterizing the waste. Some of the primary
radionuclides that are measured using this sample preparation are neptunium,
plutonium, strontium, cesium, and technetium. A total alpha and total beta
count wers performed on the fusion dissolution samples as well.
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A U.S. Environmental Protection Agency (EPA) Contract Laboratory
Procedure (CLP) type organics speciation analysis was performed on the core
composites. No CLP target compounds or tentatively identified compounds were
detected in levels above accepted quantitation 1imits (HASM 1993) and they
were not expected to contribute to the sample matrix.

In previous characterization sampliing, the core composites were built
using quantities of segments based on a proportion of the total weight of
sample for the core (Winters et al. 1990a, 1990b). This method assumed that
the sample obtained is representative of what is in the tank. However, when
partially filled segments are obtained, this procedure assumes that the tank
does not contain any waste in this area. Incompiete recovery for a segment is
more likely the result of sampling problems rather than voids in the waste.

The approach used in this analysis effort was to composite equal
quantities of the homogenized subsegment material and assume that whatever is
obtained in a partial subsegment is representative of a whole subsegment.

Some inaccuracies may be introduced from this method because of density
differences between subsegments. However, the inaccuracies introduced from
density differences would probably be small; those deviations are minimal
compared to the other errors inherent in core sampling and analysis. If full
segments are obtained for the entire core, and the homogenization procedure is
satisfactory, there will be little difference between the two approaches.

4-6
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5.0 ANALYTICAL RESULTS: TANK 241-C-1089

5.1 TANK 241-C-109 CORE SAMPLE RECOVERY

As shown in Figure 5-1, the last 3.8 e¢m (1.5 in.) of the 48.3-cm (19-in.)
sampler does not secure a sample from the bottom segment. In addition, the
tocation of the risers, the dished bottom of the tank, and safety margins in
the sampling protocol preclude obtaining samples from the entire waste depth
in the tank. Thus, the maximum recovery for the segment from tank 241-C-109
is 3.8 cm (1.5 in.) above the bit bottom to the waste surface. Segment
recoveries were based on the maximum recoverable volume for the segment
regardless of solid/liquid ratio. The maximum recoverable amount of sample is
45.6 cm (18.0 in.) (177.3 mL). Tables 5-1 and 5-2 present the initial
measurements and observations regarding the core samples on extrusion, and an
estimate of the core recovery on a volume basis.

Table 5-1. Tank 241-C-109 Core Sample Description Summary.
Core recovery | Total

Core No. | Segment (volume basis) |mass (g) Comments

Core 47 92-069 64.5% 134 Liquid volume was 11 mL; it
contained suspended solids.
Solids portion was 26.7 cm
(10.5 in.) long.

Core 48 92-070 30.6% 73 No 1iquid captured. Solids
portion was 14.0 cm (5.5 in.)
long.

Core 49 92-071 87.4% 182 Liquid volume was 22 ml.
Solids were medium brown
color; Sclid segment was
41.9 cm (13.5 in.) long.

NOTE: Sampler linear volume is 9.85 mL/in.

Table 5-2. Tank 241-C-109 Core Sample Physical Characteristics Summary.

Solids Liguid Solids Liquid Salids bulk LEJT:S
Core No. Segment sample mass | sample mass sample sample density densit
(g} (g9) volume (mL) | volume (mL) (g/mL) (g/mL)),
Core 47 92-069 121 13 103 11 1.2 1.2
Core 48 92-070 73 0 54 0 1.3 N/A
Core 4% $2-071 158 24 128 22 1.2 1.1
Selids = wet solids
Ligquid = drainable {free) liguid
NOTE: Al11 liquids were captured in the sample liner.

on
1
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Figure 5-1. Current Waste Level of Tank 241-C-109.
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General characteristics of tank 241-C-109 waste materials are as follows.

» Drainable liquids found in the liner were brownish-yellow in color
and contained suspended solids.

» (Core samples were generally dark brown in color. The brown solids
were streaked through with grey/white material.

e The samples had a firm consistency. They were thick, cohesive
sludges that held their shape after extrusion. The core materials
all appeared to be saturated with ltiquid.

Analysis of the samples was performed at the PNL Analytical Chemistry

Laboratory. The full data package is available from the Hanford Analytical
Services Management Office (HASM 1993).
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5.2 TWRS PROGRAM ELEMENT CHARACTERIZATION SYNOPSIS

This section provides selected results obtained from core sampling for
some of the most pertinent analytes for the various TWRS program elements,
including HWVP, Retrieval, Pretreatment, and Waste Tank Safety. Analytes of
interest will be reported on a level of resolution commensurate with the
available data and program direction. These selections were made on the basis
of previous consultation with the program in support of other activities or
currently documented characterization data needs (Bell 1993). Watch List
tanks will have segment or subsegment level analyses reported, while non-Watch
List tanks are analyzed only on a core composite basis. Generally, analytes
of interest to muitiple programs will only be reported in one section.

Further detail can be found in the body of the report or in the data packages.

5.2.1 Retrieval Program Characterization
Data Summary: Physical Properties

A major objective of the Characterization program is to measure the
physical properties of the waste to support waste retrieval technology
development. The physical characteristics of tank waste are required to
develop design criteria for waste retrieval equipment, provide a basis for
simulated waste development, and to provide a basis for validation of
equipment testing using design criteria and simulated waste. The analytical
methods to determine the physical properties of the waste as it actually
exists in the tank reguire a substantial amount (50 to 100 g) of unhomogenized
sample. In some cases, the limited amount of sample recovered constrains the
number of analyses that can be performed.

Performing the rheological/physical measurements once for each stratum of
waste in a tank is believed to be sufficient to characterize the entire tank
contents. Selected rheological and physical properties are presented in
Table 5-3; further information regarding these analytes can be found in
Section 5-3.

Table 5-3. Retrieval Program.

Analyte Data range
Specific gravity {(g/mL)
--solids 1.2 - 1.3
--Jiquids 1.1 - 1.2
Shear strength 17,300 dynes/cm2

Viscosity (cP € 29 °C)
--1:1 diluytien 80 (high shear) - 4,200 (low shear}
--3:1 ditution 3 (high shear) - 95 (low shear)

Particie size (um)
--Number distribution 89% < 2 um
--Volume distribution 70% < 85 pm
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5.2.2 Pretreatment Program Characterization Data
Summary: Bulk Constituent Inventories

The majority of the programmatic decisions pertaining to the design of
pretreatment and final disposal systems will be based upon the average
characteristics of the tank waste. Therefore, the majority of the laboratory
analyses will be conducted on representative core composites. Liquid
composites and strata composites will be built under some circumstances and
will be analyzed with fewer assays and, as noted previously, segment (or
subsegment) level analyses will be performed, when directed.

Table 5-4 presents selected trace analytes of known interest; the
Pretreatment Program's data needs are quite extensive and further chemical and
radiological characterization information can be found in Sections 5.3, 5.4,
and 5.5. Currently, methods are being developed for certain analytes. These
developmental assays are then phased in as part of a technology transfer
effort. In these cases, samples will be archived until the requisite method
has been developed and implemented, or samples will be shipped between the
onsite laboratories (222-S Laboratory. and 325 Laboratory) and possibly to off-
site laboratories for analysis.

Table 5-4. Trace Analytes of Interest to Pretreatment.
Analyte Core composite values
Minor fusion prep ICP analytes {(ug/9) Core 47| Core 48 Core 49
--B < DL < DL < DL
--Cr 270 260 220
--Mg 650 670 340
--1Ir < DL < DL < DL
pH (Liquid composite) 12.08
pH (Water leach) 10.8 10.1 9.4

ICP = Inductively coupled plasma - atomic emission

spectroscopy.
< DL = below detection Timits.

5.2.3 Waste Tank Safety Program Characterization Data Summary

5.2.3.1 Criticality Safety.

The criticality safety program has indicated

that plutonium and uranium isotopic analyses on each core composite and the
bottom most six inches of each core is required to alleviate the concern for
the potential of tank criticality (refer to Tables 5-5, 5-6, and 5-7). For
the ferrocyanide tanks, the analyses are performed on the bottom subsegment of
the core sample. As requested, the analyses will indicate whether the fissile
species have settled in a concentrated layer at the bottom of a tank.
Therefore, upon extruding the last segment in a core, a small aliquot is taken
and analyzed for plutonium and uranium isotopic analyses by mass spectroscopy.
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Table 5-5. Core Composite Transuranics (Fusion Preparation).

Core B7Np 238p % B9py* 21am 40 Am, e Total e
No. | (uCifg) | (ucijg) | (ucisg) | (ucife) | (ucifg) | (uci/g)
Core 47 3.65E-04| 4.40E-05 0.82 < 0.58 0.32 0.992
Core 48 3.34E-04| 7.15E-06 0.063 < 0.71 0.01 0.065
Core 49 3.01E-04| 1.11E-0% 0.075 < 0.35 0.13 0.129

* = Jsotopic quantitation of plutonium is determined by multiplying
the total Pu a measurement by its mass fraction.
Measurement by alpha energy analysis.
GEA = Measurement by gamma energy analysis.

AEA =

Table 5-6. Core Composite Uranium. .
Up fusion U = =
core No- l%”g/g) (”579) fr?giion frgziidn
Liquid composite < DL 3.7 NM NM
Core 47 9,200 12,000 0.993263 0.006573
Core 48 24,700 27,600 0.993038 0.006852
Core 49 4,700 7,500 0.993109 0.006753
DL = Below detection limits.
FL = Uranium measurement by laser fluorimetry.
Lo NM = No isotopic measurement on liquid composite, concentrat1on too
Table 5-7. Plutonium Concentration and Isotopic Distribution.
Core No. | Total Pu e 28py Mass | 2°Pu Mass | °Pu Mass | *'Pu Mass | **?Pu Mass
(uCi/g) fraction | fraction | fraction | fraction | fraction
Core 47 0.88 0.00005 0.932237| 0.066256| 0.001216§ 0.000241
Core 48 0.065 0.00011 0.976356( 0.022995| 0.000364 0.000176
Core 49 0.079 0.00014 0.949629| 0.048786| 0.001119| 0.000329
NOTE: There was no Pu measurement on liquid composite because the

concentration was too Tow.
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5.2.3.2 Ferrocyan1ae Tanks. During the 1950's, ferrocyanide compounds were
used to scavenge *'Cs from the supernate of Hanford Site waste tanks. The
potential for an exothermic reaction in the sodium-cesium-nickel
ferrocyanide/sodium nitrate complex must be evaluated in waste tanks believed
to contain 1,000 gram-moles or more of ferrocyanide precipitates. The
characterization objectives in support of resolution of this USQ and in
support of retrieval, pretreatment, and final disposal systems design are as
follows.

* Determine the waste energetics behavior in the tanks.
* Determine the spatial distribution of fuel, 137Cs, and *%sr.

+« Determine the concentration of total CN° and the speciation of
ferrocyanide present in the waste,

 Satisfy the general characterization requirements for physical,
chemical, and radiological analytes.

To achieve the above objectives and to enhance the resolution of the
vertical distribution study for key analytes, the analysis horizon for
characterization of layering is one quarter of a segment. The data from
tank 241-C-109 indicates that the tank meets the present criterion for
placement on the Ferrocyanide Watch List (i.e., greater than 1,000 g-mole
ferrocyanide [estimated from total cyanide measurements]). Further
characterization information regarding this topic can be found in Section 5.
The next several figures (Figures 5-2, 5-3, and 5-4) present the values most
relevant to evaluate the ferrocyanide USQ and provide values for analytes of
importance to the Ferrocyanide Safety Program as a function of position.

5.2.4 HWVP Program Characterization Data Summary

The Hanford Waste Vitrification Program has characterization needs in
addition to those described for core sampling. Transforming waste into glass
is primarily for the disposal of high-level/TRU solids in a geologic
repository. The vitrification process will be performed after the solids have
been pretreated. Therefore, core sample information will provide preliminary
bounding design conditions for the glass plant. Further characterization for
technology development and regulatory compliance will be necessary on the
pretreated waste that will be fed to the vitrification plant. The analytical
requirements for the HWVP program are identified in the Hanford Waste
Vitrification Plant Feed Characterization Requirements (Wagner 1992).

Neutralized current acid waste {NCAW) is expected to be pretreated by a
sludge washing process prior to becoming the first feed to HWVP. The high
heat waste in tanks C-105 and C-106 will also be an early feed to HWVP and is
expected to be pretreated in the same manner (one of the two cores from tank
C-106 will be analyzed as an early feed tank). Other tanks, such as
241-C-109, will be considered for early retrieval and processing, based on
technical and programmatic criteria. Some of the characterization objectives
in support of design of retrieval, pretreatment, and final disposal systems
are as follows,
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Figure 5-2. Core 47 Measurements and Observations.
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Figure 5-3. Core 48 Measurements and Observations.
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Figure 5-4. Core 4% Measurements and Observations.
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¢ Provide extensive characterization of the chemical and radiological
contents of the waste (solids and supernate) as it currently exists
in the tanks to support processibility assessments and te verify
whether the composition variability study envelope coverage for key
analytes is adequate.

e Provide sufficient data to make an estimate of the waste fraction
that will remain after sludge wash pretreatment and become feed for
the HWVP.

« Determine the physical and rheological properties of the waste
before and after simulated sludge washing to support the design of a
waste retrieval system.

« Satisfy the general characterization reguirements for physical,
chemical, and radiological analytes.

Planned early retrieval of some tanks for HWVP necessitates an increased
evaluation of rheological and physical properties of the tank waste. To this
end, selected rheological and physical properties are measured on the first
and last segments of both cores taken from these specified tanks as a minimum.
Rheological measurements will also be performed on other segment material if a
unique stratum is identified in the remaining segments.

The analytical program for HWVP not only entails determining whether a
waste type is suitable for disposal as glass, but also includes determining
the physical and chemical characteristics of the glass for process control
purposes and to ensure regulatory compliance. Sampling and analysis plans
will be developed on an individual basis for each tank or process batch. The
characterization needs for these efforts include analyses for metals, water-
soluble anions, radionuclides, semi-volatile organics, and rheological and
physical testing for both the HWVP feed and vitrified product.

Presently, tank 241-C-109 is not scheduled as an early feed to the HWVP.
However, in recognition that the tank may be considered in the future as a
potential early retrieval processing candidate, two selected groups of
analytes are presented in this summary; Table 5-8 provides a set of analytes
of interest to the vitrification process control, the other (Table 5-9) are
analytes of interest to the regulatory permitting of such a facility.

Table 5-8. HWVP Process Control Analytes of Concern.
Analyte Core 47 composite | Core 48 composite | Core 49 composite
(1g/9) {1g/9) (6g/9)
po,> (IC/ICP) | 22,100/61,700 26,700/62,600" 12,800/45,300°
F 400 1,300 400
c1 700 800 700
T0C 2,300 3,100 2,300

* = based on an ICP fusion value for phosphorous and assuming it
is present solely as phosphate.
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Table 5-9. HWVP Regulatory Operation Analytes of Concern.

Analyte (ug/g) Core 47 Core 48 Core 49
Hg (Liquid composite) 8.9 6.6 6.7
Pb (tiquid compositey < DL N.M. N.M. ~N.M.
(Solid composite, fusion) 7,300 700 820
CY‘(VI) (Solid composite, water) 47 37 28%
- _____________________________|
Analyte (pCi/g) Core 47 Core 48 Core 49
Yec (Liquid composite: 2.3E-03)
(Solid composite, water) 6.3E-06 1.8E-05 3.6E-05
99TC (Liquid composite: 1.6E-01)
(Sclid composite, fusion) 1.1E-01 1.2E-01 9.4E-02
3y Liguid composite: 3.29E-03)
{Soclid composite, water) 8.56-03 6.4E-03 6.4E-03

*Single data point; other anomalous data point is out of range.

5.3 TANK 241-C-109 CORE SAMPLE RHEOLOGICAL/PHYSICAL MEASUREMENTS

Physical properties such as shear strength, viscosity, particle size, and
settling properties were measured. These measurements are necessary for the
design and fabrication of retrieval, pretreatment, and final waste disposal
systems.

5.3.1 Shear Strength

The shear strength of the waste from tank 241-C-109 was measured on a

. combined, unhomogenized sample from Core 47. The shear strength measurements

were made at ambient temperature using a shear vane connected to a viscometer
and rotated at 0.3 r/min. Shear strength (7.} is a semiquantitative
measurement of the force required to move the sample. Because shear strength
is dependent on sample handling, the measurement was taken without any sample
homogenization. The rheology sample was generated by taking small aliquots
from the segment of Core 47 at various positions. The aliquots were
transferred to a sample jar and allowed to settle for 10 weeks to let the
sample recover from the disturbance of sampling and extrusion. The extended
delay between sample and analysis was specified because it is believed that
the longer the sample sits undisturbed, the more likely it is to return to its
{nearly) original condition; therefore, the shear measurement is likely to be
more representative. The shear stress (S,) of the sample was recorded as a
function of time and the shear strength was calculated using Equation 1.
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[$7/200] *S,*4 . 9E+05

n*HV*Df . 7 +Dy (1)
2 €
where:
%7/100 = The ratio of the total torque which is recorded as full scale
on the plot of the shear stress
S, = Shear stress
4.9£+05 = maximum torque of the viscometer head (dynes)
H, = Shear vane height (0.800 cm [0.315 in.])
D, = Shear vane diameter (0.803 cm [0.316 in.]).

Two measurgments of 7, were taken, averaging 17,300 d_ynes/cm2 (17,560 and
17,000 dynes/cm®}. The shear stress of the material exceeded the maximum
value for the measurement system (8,500 Pa). However, to take a measurement,
the core was rotated at a significantly higher rate than was used in the 7
measurement, causing the measured shear stress to be higher than the actual
value. In addition, some drying of the sample may have occurred, also causing
the measurement to be higher than its true value.

5.3.2 Shear Stress and Viscosity as Functions of Shear Rate

Shear stress and viscosity measurements {as functions of shear rate) were
performed on the 1:1 (water:sample} dilution of the sample at ambient hot cell
temperatures 29 to 32 °C (84 to 90 °F) and at 95 °C (203 °F}. Drying of the
sample at 95 °C posed difficulties in measurement for the 1:1 diluted sample;
no results of the rheograms run under these conditions are presented.

The data from the rheograms for the 1:1 dilution were fit to a nonlinear
yield power-law model (Equation 2). Sample and duplicate measurements were
run at ambient and 95 °C.

S, = a + By° (2)

where:
S shear stress

yield stress (not a fit parameter)

consistency factor

shear rate (0 to 468 54)

flow behavior index.

S RN
[T I TR TR

Table 5-10 presents the power law model parameters for the 1:1 sample
dilutions at 30°C.
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Table 5-10. Power-lLaw Model Parameters for Tank 241-C-109 Material.

. 8, n, Flow
Sample Temp(eﬂrca)ture Trial star,esY; e(]Pda) Consistency behavior
factor (Paes) index
1:1 Dilution 30 S 50 0.017 1
1:1 Dilution 30 D 40 0.019 1
S = Sample '
D = Duplicate

Viscosity of the 1:1 diluted sample at low shear (i.e., near zZero) ranged
between 2,800 and 4,200 cP; the viscosity gradually declined with increasing
shear rates to 100 cP @ 468 s™'. The 1:1 dilution of the composite sample
exhibited yield-pseudoplastic behavior. Figures 5-5 and 5-6 present data
smoothed results for shear stress versus shear rate and viscosity versus shear
rate for the 1:1 diluted sample. The 3:1 dilution samples exhibit near
Newtonian behavior at the detection limit of the system (2 cP) for shear
stress as a function of shear rate. Viscosity of the 3:1 diluted sample at
low shear ranged between 12 and 42 cP (avg. ~30 cP}; the viscosity rap1d1y
declined with increasing shear rates to approx1mate1y 5cP @100 s and 3 cP
@ 468 s, Higher viscosities at higher temperatures for these sample
matrices is not unusual, because drying of the sample often has a significant
impact on its flow behavior.

Further measurements of the viscosity as a function of shear rate were
made on the 3:1 dilution samples at 95 °C (203 °F). The 3:1 dilution samples
exhibit near Newtonian behavior at_the detection 1imit of the system (2 cP)
for shear stress as a function of shear rate. Viscosity of the 3:1"diluted
sample at low shear ranged between 37 and 95 cP (avg. ~58 cP). The viscosity
rapidly declines with 1ncreas1ng shear rates to between 5 and 12 cP @ 100 s~
and approximately 3 cP @ 468 s

A rheogram for a material with a yield stress has two sections. The
first section is a straight line beginning at the origin and climbing up the
ordinate. This portion of the rheogram records the material as it acts like a
solid or gel. When sufficient force is applied to the material to make the
gel yield, the rheogram breaks sharply to the right and records the material's
behavior as a fluid. The point on the rheogram at which the sample's behavior
transfers from a solid or gel to a fluid is the yield point or yield stress.
The consistency factor in this model is analogous to viscosity. The flow
behavior index indicates the degree of deviation from Newtonian behavior. For
values less than 1, the behavior is considered pseudoplastic
(Bird et al. 1960). Plots of all of the measurements can be found in -he full
validated data packages (HASM 1993).

5.3.3 Slurry Flow Properties

Turbulent flow is necessary to keep particles in suspension and prevent
the accumulation of the solids in retrieval and/or pretreatment process
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Figure 5-5. Shear Stress Versus Shear Rate for 1:1 Diluted Sample.
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Figure 5-6. Viscosity Versus Shear Rate for 1:1 Diluted Sample.
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equipment. Characteristics necessary for turbulent flow were calculated for
the 1:1 dilution slurry using the parameters determined from measurement and a
curve-fitted rheological model (HASM 1993) (refer to Table 5-11).

Table 5-11. Turbulent Flow Model Calcuiations.

Sample Temp(earca)ture Trial di zl;gf:er Veg"? /csi)ty fc1ro1v} 1r‘caat]e Rﬁﬂ ;glgs
(in.) (L/min)

1:1 Dilution | 30 (86 °F) S 2 (5.08 cm) 3.26 424 12,800

1:1 Dilution | 30 (86 °F) D 2 (5.08 cm) 3.14 405 16,900

1:1 Dilution | 30 (86 °F) S 3 (7.62 cm) 2.90 833 16,900

1:1 Dilution | 30 (86 °F) D 3 (7.62 cm) 2.77 799 14,400

S = Sample
D = Duplicate.

5.3.4 Particle Size Measurement

Particle size analysis is performed by placing a small amount of sample
in a dispersant, which is the liquid used to disperse and suspend the
particies from the solid sample. Samples from all three cores (Cores 47, 48,
and 49) were prepared and assayed. The prepared sample was placed in a
particle size analyzer. The apparatus measures particle size by passing a
thin beam of laser light through the dispersant. The diameter of a particle
of matter in the dispersant can be determined by the amount of light that it
blocks as the particle passes through the beam. The dimension measured by
this method is the value across the short diameter of the particle. This
means that if a particle is oblong, the machine estimates the shortest length
across the particle (i.e., the width of the oblong shape, not the length).
The term "diameter" throughout this text will be used to describe any linear
profile of any shape.

An important consideration involving the analysis of particle size is the
dispersant used. The primary concern involved with the dispersant is
dissolving the particle. Any particles existing in the tank that are soluble
in the dispersant will dissolve or decrease in size during the analysis.
Depending on the dispersant, the particle size analysis may not represent the
true particlie size distribution in the tank. In the case of tank 241-C-109, a
mixture of water and glycerin was used as the dispersing medium. If a "true"
particle size distribution is required, the mother liquor (drainable liquid)
of the tank should be used, if possible, because the tank particulates are
already in equilibrium with the tank mother liquor. The insclubility of the
waste matrix suggests that the particle size data acquired should be
acceptable. However, if the ferrocyanide waste has been hydrolyzed by high-pH
waste, this assumption may not be completely accurate.

The mean particle size in the number distribution ranges from 0.80 to
1.38 microns in diameter for tank 241-C-109 waste samples. Table 5-12
presents the summary results of the measurements. Plots of the probability
number density for each core are presented in Figures 5-7, 5-9, and 5-11 as a
number fraction. The number density graph is plotted over the acquisition
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Figure 5-7. Core 47, Particle Size Number Density.
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range of the device (from 0.5 to 150 gm). The numbers of particles in each
size range (shown as a percentage of the whole) are graphed against their
respective size ranges to form a distribution curve. It can be seen from the
figures that the most common occurrences (modes) for particle size range
between 0.5 and 1.0 microns. The majority (over 88 percent) of the measured
particles fit within the narrow band of 0.0 to 2.0 microns.

Table 5-12. Particle Size Distribution by Number:
89% < 2 um (all cores).

Sample Mean (gm) Median (um)
Core 47 1.14 0.85
Core 48 0.80 0.77
Core 49 1.38 0.90

The particle size in the volume distribution ranges from 0.0 gm to 70 um
in diameter between the three cores with relatively wide variation between the
means of the these samples (5.73 to 37.56 um). Table 5-13 presents the
summary results of the measurements. Under the assumption that the density of
the solid material within the tank is constant, the volume distribution is
also the best estimation of the mass particle size distribution of the tank.
The analyzer calculates particle volume as the cube of the diameter. These
distributions are presented as Figures 5-8, 5-10, and 5-12.

Table 5-13. Particle Size Distribution by Volume:
100% < 70 pm (all cores).

Sample Mean (um) Median (um)
Core 47 37.56 38.72
Core 48 5.73 2.97
Core 49 24.47 24.08

The volume distribution is represented by a percentage on a probability
volume density graph. The average particle size represented in the volume
distribution is considerably larger than that in the number distribution. In
Core 47 there are relatively few small particles, as most of the particle
volume is evenly dispersed within the 0.0 to 70.0 um range. In Core 48 the
majority of the particles are much smaller, with particle volumes concentrated
in two narrow ranges, the 0.0 to 2.0 gm range, and the 9.0 to 20.0 um range.
Core 49 is quite similar to core 47, in that there are relatively few small
particles, most of the particles are evenly dispersed within the 10.0 to
60.0 um range.

The disparity between the core samplie measurements possibly indicates a
difference in waste type. In Core 48, over 50 percent of the volume is
contained in particles with a diameter of less than 3 gm. In the Core 47 and
49 samples over 50 percent of the particle volume is contained in material
with a diameter of greater than 20 um. In the retrieval and subsequent
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Figure 5-8. Single-Shell Tank Core 47, Particle Size
Volume Density.
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Figure 5-11. Core 49, Particle Size Number Density.
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Figure 5-12. Single-Shell Tank Core 49, Particle Size
Volume Density.
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Figure 5-9. Core 48, Particle Size Number Density.
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Figure 5-10. Single-Shell Tank Core 48, Particle Size
Volume Density.
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treatment of the tank wastes, it may be desirable to design pumping or
filtration systems for the tank particulate. Therefore, the volume
distribution of the particles should not be neglected {i.e., particles with
diameters of over 20 um should be considered in these designs). In addition,
the behavior of the particle size distribution is believed to have an impact
on analytical precision, especially with small sample sizes and thus should be
considered when evaluating analytical results.

5.3.5 Settling Behavior of As-Received and Diluted Samples

This section analyzes the settling behavior for the as-received, 1:1,
and 3:1 water:sample dilutions. The physical properties reported here include
settling rates and volume percent settled solids, and weight percent and
volume percent centrifuged solids. The experimental procedures used to
perform these measurements were reported previously (HASM 1993).

The physical properties of the Core 47 material and diluted samples are
summarized in Table 5-14.

Table 5-14. Physical Properties Summary.

Segment
Propert As-Received ] . .

_ perty 1:1 Dilution Di{Lézon
Settled solids (vol%) 100% 88% 41%
Centrifuged solids

Volume % 100% NM 21.1
Weight % 100% NM 27.0
Density (g/ml) ;
Sample* solid 1.2 - 1.3 NM 1.11
liquid 1.1 -1.2
. |Centrifuged supernate NM NM 1.01
Centrifuged solid NM NM 1.39

NM = No measurement.
*Obtained from bulk measurements.

Because there was no free liquid with the waste in the sampler, no
settling was observed in the as-received segment samples over a period of
three days and there was no standing liquid obtained with the samples. Two
dilutions (1:1 and 3:1 water to sample) were prepared, and the volume percent
of settled solids for each of the dilutions are plotted as a function of
settling time. Figures 5-13 and 5-14 illustrate the setting behavior over

time,

The 1:1 dilution reaches a final volume percent settled solids
of 88 percent (avg.). Settling continues throughout the 3-day period, but the
majority of the settling is seen in the first 24 hours. The 3:1 dilution
reaches a final volume percent settled solids of 41 percent (avg.). The
majority of the solids settling is complete within 10 hours.
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Figure 5-13. Settling Rate Data for Tank 241-C-109
Core 49, 1:1 Dilution.
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Figure 5-14. Settling Rate Data for Tank 241-C-109
Core 49, 3:1 Dilution.
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5.4 ANALYTICAL RESULTS--INDUCTIVELY COUPLED PLASMA-
ATOMIC EMISSION SPECTROSCOPY

5.4.1 Inductively Coupled Plasma
Assays~--General Comments

No online multiple inter-element corrections were performed for matrix
interferences. The ICP has built-in correction capability to adjust for
moderate matrix interferences. However, this function suffers from
significant performance degradation on samples containing weight percent
quantities of iron, aluminum, or uranium. Single pass offline corrections
were performed to correct for high aluminum, iron, and uranium content in the
samples. Corrections for other interfering analytes were done as required.
As requested, process blank values have not been subtracted from the reported
values {except for quality control results). In the water digestion and
liquid composite assays, the singie most prevalent element is sodium, by at
least an order of magnitude. In the fusion assays, some elements can appear
to be at high concentrations because of the large dilution factors required
for fusion samples and the complicating factor of the matrix interferences.
Those analytes may actually only be present in concentrations marginally above
the detection limit. Calcium, selenium, and silicon routinely demonstrated a
low bias {i.e., were present at higher concentrations than reported). While
selenium is not a major analyte in the waste matrix, calcium and silicon are,
and this behavior could marginally affect the interpretation of the results.
An estimate of the detection 1imit for any analyte can be obtained by
multiplying the analyte's DL (detection limit factor, based on dilution) by
the appropriate sample "pg/g factor" found in the data packages. Analytes
reported in the data tables are those consistently contributing significant
amounts (i.e., generally greater than 0.2 weight %) to the composition of the
waste matrix; average values for the analytes are reported to three.
significant figures based on two replicates. The full range of ICP analytes
can be found in the full data packages (HASM 1993). All reported
concentration values are based on grams of wet sample, unless otherwise
, specified.

Tables 5-15, 5-16, and 5-17 provide ICP analyte concentration information
on the core composites as a function of the sample preparation.
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Table 5-15. Water Digestion Chemical Composite Data
--1CP Average Values.

Analyte Core 47 Core 48 Core 49 Liquid
(ug/g sample) | (ug/g sampie) | (zg/g sample) Composite*
Al 410 110 105 160
Ca 180 60 80 . 210
Fe 880 1,140 920 1,680
Na 67,800 83,500 59,900 96,900
Ni 130 30 50 340
P 6,990 8,690 4,160 4,200
Pb <DL <DL < DL < DL
S 120 200 70 70
%%f U < DL < DL < DL < DL
%:; *The liquid composite is composed of 11 mL of liner liquid from
Fae Core 47 and 22 mL of liner liquid from Core 49.

< DL = below detection limits.

Table 5-16. Acid Digestion Chemical Composite Data
--1CP Average Values.

Analyte C(0 ug/ 94)7' C(Qnrge/ 94)8 C&ge/ 94)9
Al 72,900 6,400 83,700
Ca 20,000 12,600 12,300
Fe 28,800 20,200 7,100
Na 81,900 87,600 81,300
Ni 14,700 15,500 11,900
P 18,400 17,000 19,400
Pb 8,600 610 900
Si 1,800 1,300 1,400
U 10,700 15,000 6,300
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Table 5-17. Fusion Digestion Chemical Composite Data
—-ICP Average Values.

Analyte /) Gus/a) alg)
Al 116,800 8,600 126,600
Ca 24,700 17,700 14,900
Fe 21,800 22,200 9,100
Na 87,200 100,000 76,500
Ni* 31,900 33,000 22,900
P 19,900 20,200 14,600
Pb 7,300 700 820
Si 15,800 2,200 2,300
U 9,200 24,700 4,700

Tables 5-18, 5-19, and 5-20 provide ICP analyte concentrations as a function

of depth, i.e., for the subsegments.

Subsegment samples labeled "B" are at

the top of the tank; samples labeled "C" and "D" are progressively deeper.

Table 5-18. Tank 241-C-109 Core 47 ICP Analyte Trending
' (Fusion Prep on Subsegments).

Subsegment Al Ca Fe Na Nix p Pb Si u
(ug/g9d (eg/9) ug/q) (rg/9) (za/g) (za/9) (rg9/9) {ug/9) (nug/9)
1B 131,600 10,400 63,400 51,100 19,400 7,600 5,100 18,700 11,800
1€ 120,300 18,000 20,900 63,100 (22,700 12,500 2,900 6,100 6,100
10 32,000 28,000 15,300 102,600 |25,600 30,100 14,300 22,200 5,800
Core Comp. 116,800 24,700 21,800 87,200 [31,900 19,900 7,300 15,800 9,200

*Nickel concentrations are biased high.

crucible.
measurement.
available.

Values are derived from ICP fusion performed in a nickel

5-25

However, in each case the blank value was an order of magnitude (or greater) less than the
The fusion values are & factor of two greater than the acid digestion values, where both are




WHC-EP-0668

Table 5-19. Tank 241-C-109 Core 48 ICP Analyte Trending
(Fusion Prep on Subsegments).

Subsegment < u;;g) ( ,;f,?g ) (JL;?Q) : (n:?g) (:91/.9> (ﬂ-gpl -} (n:?g) (u:; 9) (u:/ 9)
1c 7,300 29,300 20,000 | 115,800 44,200 23,300 550 2,900 |14,700
10 9,800 16,800 21,000 | 102,000 | 24,000 20,900 690 | 2,200 |14,400
Core Comp. 8,600 17,700 22,200 | 100,000 33,300 20,200 700 | 2,200 |24,700

Table 5-20. Tank 241-C-109 Core 49 ICP Analyte Trending
(Fusion Prep on Subsegments}.

Subsegment <#;}g) <u§?9) (n;?g) (ngig) (:9‘/*9) (.ugP/sn (#:?m (u:;g) (.u;/g)
18 185,300 4,300 15,600 | 43,000 | 10,750 4,100 1,990 { 2,900 7,900
1c 95,800 18, 600 4,600 | 62,900 | 31,900 | 11,500 370 880 1,300
D 70,900 22,500 15,400 | 91,400 | 30,700 | 20,400 730 | 1,680 | 12,400
Core Comp 126,900 14,900 9,100 | 76,500 | 22,900 | 14,600 820 | 2,300 4,700

*Nickel concentrations are biased high. Values are derived from ICP fusion performed in a nickel
crucible. However, in each case the blank value was an order of magnitude (or greater) less than the
measurement. The fusion values are a factor of two greater than the acid digestion values, where both are

available.

5.4.2 Liquid Core Composite

Comparing the results of the ICP assays between the water leach of the
core composites (47, 48, 49) and the liquid composite sample (Table 5-13), the
results were found to be somewhat similar. However, because the drainable
liquid is composed of liquids assumed to be in equilibrium with material from
Cores 47 (11 mL) and 49 (22 mL) assayed with an acid digestion preparation and
that the water leach of the core composites is done at a 100:1 dilution, the
similarity is only superficial. The full suite of quality control was
performed on the liquid composite sample. While the RPDs were acceptable for
all major analytes and percent recovery for the control sample was very good
(87.9 percent or better); the spike concentration for ferrecyanide, iron,
sodium, and nickel was insufficient for percent recovery quantitation.

5.4.3 Core 47

The water leach of the core composite, as noted previously, is similar to
the liquid core composite. Major analytes present include sodium and
phosphorous, with much lesser amounts of calcium, iron, and nickel. Sodium
was approximately one-third less than that measured in the liquid composite,
while phosphorous was greater by about one~-third. The RPDs were acceptable

for all major analytes.

The results from the acid digestion preparation of the core composite
samples (Table 5-16) are very good in general for most of the major analytes.
Sodium, aluminum, calcium, sodium, nickel, uranium, and phosphorous are all
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well within acceptable precision criteria. However, iron, silicon, and lead
are all significant contributors to the waste matrix and are outside of the
typical 20 percent precision criteria, with the sampie showing unexpectedly
elevated levels of silicon and lead. Iron particularly stands out, with an
RPD of ~60 percent. The lower duplicate value (22,400 ppm) agrees well with
the fusion results (20,200 ppm and 23,400 ppm). Because most of the other
major elements possess relatively good RPDs, which indicates a reasonably
homogeneous sample, the anomalous result was attributed to the presence of a
particle inclusion (such as rust) in the sample, thus the high iron result
should be considered suspect. The lead and silicon results are much higher in
Core 47 than the other cores; the acid and fusion core composite results for
lead are comparable. Recoveries of spike control are generally between

80 percent and 120 percent, except for calcium, selenium, and silicon which
demonstrate a low bias. However, the sample spike recoveries for several
major and minor analytes indicate that the spiking level is inappropriate.

The results from the fusion preparation core composite and subsegment
samples are good. The RPDs are within acceptable tolerances for all major
analytes. Fusion dissolution appears to be necessary to obtain quantitation
of aluminum, calcium, sodium, and silicon. Lead, and silicon remain unusually
high in this core as compared with the other two cores (concentrations for
these analytes are much higher in this core than Cores 48 and 49). Elevated
aluminum and silicon values suggest the presence of alumina and silica, but
without any other significant changes in the remaining metals, there is no
evidence for a refractory-metal-alumina silicate. Nickel also appears to show
a high bias (as anticipated from the assay method, using a nickel crucible).
The subsegment assays also demonstrate good RPDs for all major analytes except
for iron throughout (and lead in subsegment 1D). Iron routinely demonstrates
poor agreement (i.e., RPDs greater than 20 percent) between the sample and the
duplicate in this core.

5.4.4 Core 48

As noted previously, the water leach of the core composite is generally

similar to the liquid core composite (Table 5-15). Major analytes present

include sodium and phosphorous, with much lesser amounts of calcium, iron, and
nickel. Levels of sodium and iron are very comparable to the liquid composite
results. The RPDs were acceptable for all major analytes, except for
phosphorous (74.3 percent).

The acid digestion results for the Core 48 composite correlate very well
with the fusion results (Tables 5-16 and 5-17). The percent differences
between the 1-fold and 10-fold dilutions in the duplicate are very close, as
was found in Core 47. However, agreement between sample and duplicate for
several major analytes (iron, phosphorous, uranium, and calcium) is outside
the accepted 20 percent precision criteria. Furthermore, this may indicate a
significant sample inhomogeneity. This behavior was also encountered in
sample material obtained from tank 241-C-112., The analyte distribution for
this sample is quite different from Cores 47 and 49. The sodium cencentration
is much higher than aluminum in this sample and the lead and aluminum levels
in Core 47 are higher in general by an order of magnitude.
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The sample/duplicate agreement from the fusion preparation core composite
and 1C subsegment samples are generally poor (i.e., significantly outside the
accepted 20 percent precision criteria). The RPDs are not within acceptable
tolerances for several major analytes (aluminum, uranium, and phosphorous in
the core composite; iron, sodium, silicon, and phosphorous in the 1C
subsegment). The subsegment 1D assay RPDs are acceptable for all major
analytes, except iron. While the good correlation of acid to fusion results
indicate that there is 1ittle refractory material in this core, fusion
dissolution appears to be necessary to obtain quantitation of sodium, silicon,
and uranium. Aluminum content is much Tower and uranium is slightly higher
than that found in either Core 47 or Core 49. Nickel is again biased high
from corrosion of the crucible during the assay. Lead is low compared to
Core 47 but comparable to Core 49. The overall analyte profile appears much
more similar to samples taken from tank 241-C-112 than to the other two cores
taken from tank 241-C-109.

5.4.5 Core 49

As noted previously, the water leach of the core composite is similar to
the 1iquid core composite. Major analytes present include sodium and
phosphorous, with much lesser amounts of calcium, iron, and nickel. Sodium
was approximately 40 percent less than that measured in the liquid composite,
while phosphorous was about the same. The RPDs were acceptable for all major
analytes.

The results from the acid digestion preparation of the core composite
samples are consistently poor for all of the major analytes (sodium, aluminum,
calcium, sodium, nickel, iron, silicon, lead, uranium, and phosphorous). All
of these analytes are far outside of the typical 20 percent precision
criteria. The large RPDs seen in this sample indicate inhomogeneity and
strongly suggest that this sample preparation/assay is not adequate to provide
quantitative results for this sample. However, some general trends can be
determined by comparison with other cores. Aluminum is high, comparable to
. Core 47; iron and uranium concentrations are lower than those in the other two
cores; and the lead levels are at the same level as Core 48. The recoveries
of the spike control are generally between 80 percent and 120 percent, except
for calcium, selenium, and silicon which demonstrate a low bias. However, the
sample spike recoveries for several major and minor analytes indicate that the
spiking level is inappropriate.

The sample/duplicate agreement from the fusion preparation core composite
and subsegment samples are acceptable. The RPDs for the core composites are
within established tolerances for all major analytes, except phosphorous.
Fusion dissolution appears to be necessary to obtain quantitation of aluminum
and silicon. Calcium, lead, and silicon are much lower in this core as
compared with Core 47 (concentrations of these analytes are closer to
Core 48). Elevated aluminum and silicon values suggest the presence of
alumina and silica, but without any other significant changes in the remaining
metals, there is no evidence for a refractory-metal-alumina silicate. Nickel
also appears to show a high bias (again, as anticipated from the assay method,
using a nickel crucible). The subsegment assays also demonstrate good RPDs
for all major analytes except for iron and calcium (in subsegment 1B).

5-28



WHC-EP-0668
5.5 ANALYTICAL RESULTS-~ANION ASSAYS

5§.5.1 Ion Chromatography Assays--General Comments

IC analyses were performed on water-leached samples of the subsegments,
core composites, and diluted samples of the Tiquid composite. Sample blanks
indicate no anion contamination from the 325-A hot cell. Because matrix
components in some of the samples were found to affect detector performance
reversibly during the analysis for free cyanide, a modification to the
procedure using pulsed electrode cleaning between sample injections was
incorporated to overcome that effect. In addition, the free cyanide assay
produced much higher results than those anticipated from the simulant studies.
No spike or control standard was used for the free cyanide analysis, as
specified in the procedure (Simiele 1991). Therefore, these results may not
be representative of the free cyanide in the samples. Quantitation for
fluoride (and possibly chloride) was compromised by a co-eluting matrix
interference, probably organics of some type. This supposition is supported
by the TOC results from the water leach samples. The TOC values, although not
high, are large enough to potentially interfere with fluoride and chloride
detection. Further information regarding the IC analytes can be found in the
full data packages (HASM 1993).

Table 5-21 shows the concentration of anions for each core composite
sample. Similar levels for each of the analytes were found across all three
core composites. Tables 5-22, 5-23, and 5-24 provide IC analyte
concentrations as a function of depth. Tables 5-25, 5-26, and 5-27 provide
additional information on other anions (such as total cyanide)} as a function
of depth. These anions were not determined by the IC method. Reported pH
values for the subsegments and core composites are for 1:100 diluted samples;
therefore, only the pH measurement of the liquid composite (direct pH
measurements) is meaningful (Wodrich et al. 1992). The TOC and total
inorganic carbon (TIC) assays are not considered capable of measuring the
total cyanide in the waste because they depend on acid dissolutions to perform
the analyses.

B.5.2 Liquid Core Composite

Except for F', no spike recoveries could be obtained for the anjons on
the 1iquid composite because sample concentrations exceeded spike
concentrations by a factor of four or more. This behavior indicates various
difficulties, such as matrix effects and low spike amounts relative to the
sample concentrations. The poor fluoride spike recovery (750 percent) was
affected by the low level of the analyte present, the presence of
interferences (particularly organic anions), and the low spike Tevels. All of
these factors make interpretation difficult and complicate quantitation of
fluoride. Control standard recoveries range from 77 percent to 138 percent
for all anions. The results of the 1iquid composite are consistent to the
water-leached core composites and subsegments results, except for nitrate and
nitrite. The nitrate and nitrite concentrations are approximately twice as
high as those found in the solid samples. Total cyanide found in the sample
was found to be unexpectedly high, approximately 5,400 ppm (Table 5-21).
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Currently, there is no established explanation for this behavior. Although
the sample was filtered, it is possibly the result of very small particulates
(< lpm diameter) in suspension in the liquid that were not filtered out prior
to analysis.

5.5.3 Core 47

There are no spikes directly associated with the core composite material;
the spike associated with Core 47-1B is used to verify analytical performance.
The RPDs for the sample and duplicate runs for the core composite for each
anion were generally excellent (< 5 percent), except for phosphate
(18 percent), which was still within the 20 percent precision criteria. Spike
recoveries ranged between 65 and 121 percent, indicating some minor matrix
interferences. Samples exhibited characteristic poor spike recovery for
fluoride (65 percent). Control standard recoveries ranged from 81 to
136 percent, indicating that the analysis was in control at the time of the
assays. The RPDs for the subsegments were good, generally less than
10 percent, except for chloride and phosphate. However, the phosphate
profile for Core 47 is very suggestive. The concentration increased
significantly as a function of depth, from the 7,100 to 9,600 pg/g range for
subsegments 1B and 1C (with acceptable RPDs) to the 34,000 ug/g and
55,000 pg/g level for subsegment 1D. Even though the RPD for subsegment 47-1D
is high, the results still indicate that the phosphate level is three to seven
times h1gher at the botto?, indicating a different waste type. In addition,
this trend is seen for PO, in Cores 48 and 49. The general trend observed
for all of the anions in th1s core is increasing concentration from top to
bottom.

5.5.4 Core 48

There are no spikes directly associated with the core composite material;
the spike associated with Core 48-1D is used to verify analytical performance.
. RPDs for the sample and duplicate runs for the core composite for each anion
were generally good (< 15 percent), except for fluoride (138 percent) and
phosphate (69 percent). This sample generally showed the highest RPDs across
all anions, with few exceptions. This poor reproducibility of sample and
duplicate is common for inorganic water leach assays on this sample matrix.
The sample spike recoveries ranged from 38 percent to 126 percent. The
behavior of the fluoride and phosphate spikes was attributed to sample
1nhomogene1ty by the investigator, because 48-1D had high RPDs for these
anions. The Core 48 subsegments showed slightly h1gher concentrations of
several analytes than the other cores (NO,, NO, , and C17). Control
standard recoveries ranged from 81 percent to 333 percent.

5.5.5 Core 49

There are no spikes directly associated with the core composite material;
the RPDs for the sample and duplicate runs for the core composite for each
anion were generally good (< 15 percent). Subsegment 49-1C sample spikes were
used to verify analytical performance. Spike recoveries for the anions ranged
from 74 percent to 157 percent, indicating some matrix interferences. No
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control standards were run with subsegment 49-1C. The RPDs for the
subsegments were very good (< 10 percent) indicating sample homogeneity.
Similar analyte profile behavior to Core 47 is observed, both in general and
with regard to phosphate (the PO RPD is better in th1s case).

Table 5-21. Anion Assays--Composite Data Results.

Analyte e | Gy | s °°E“:f’:°:s;"j“
NO,” 39,000 45,000 39,000 71,000
NOy~ 37,000 48,000 36,000 72,000
PO,> | 22,100 [ 26,700 12,800 13,500
50,% 7,300 9,300 6,600 12,800
1 700 800 700 1,300
E oo 400 | 1,300 400 < 200
Free CN° ‘ 820 1,300 550 1,340
Total carbon’ 8,000 8,700 6,700 8,800
ToC"- 2,300 3,100 2,300 2,600
TIC! 5,700 5,600 4,400 6,200
Total cyanide? 5,500 14,400 5,600 5,400
pH 10.75 10.08 9.37 12.08°

'Total carbon, TOC, and TIC are not IC analyses, but are probably
present as anions (TOC + TIC = Total carbon). Thus, it seems
approgr1ate to inciude them with this table.

Total cyanide is not an IC anion. Presently it is a
developmental assay; however, the total cyanide assay is important in
1nter9ret1ng the data. '

Direct measurement.

IC = Ton chromatography (NO,", N0y, PO, S0, C1, F,
Free CN').

NM = No measurement.

TIC = Total inorganic carbon.

TOC = Total organic carbon. _

NOTE: A1l IC results are obtained from a water leach

preparation.
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Table 5-22. Tank 241-C-109 Core 47 IC Analyte Trending.

: : - - - :

subsegment | (i | oty | chove) | (ueve) | (waa) (3/9)
1B 27,900 27,600 7,300 5,100 600 300
1C . 37,000 36,000 9,600 7,100 700 300
1D 40,000 38,500 44,500 7,400 800 300
Core comp. 39,000 37,000 22,100 7,300 700 400

Table 5-23. Tank 241-C-109 Core 48 IC Analyte Trending.

- - T 5 —

susegrent | ho) | ode) | (wle) | (ore) | were) | s
= 1C 51,000 | 56,000 | 15,800 | 11,000 [ 950 500
= 1D 50,000 | 53,500 | 36,000 [ 10,000 [ 1,000 750
£§1 Core comp. 45,000 | 48,000 | 26,700 | 9,300 800 | 1,300

Table 5-24. Tank 241-C-109 Core 49 IC Analyte Trending.

: N = 3- 2- - -
subsegment | 1% | uoday | (ugle) aove) | W) | Gware)
1B 26,500 25,700 6,100 4,700 500 < 300
1C 44,000 42,000 8,800 | 8,200 800 300
1D 45,000 43,000 25,200 7,300 800 1,000
Core comp. 39,000 36,000 12,800 6,600 700 400

NOTE: A1l IC results are obtained from a water leach preparation.
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Table 5-25. Tank 241-C-109 Core 47 Miscellaneous Analyte Trending.

suseqnent |t vy | g ”i;;b';jn% PH
1B 5,400 2,200 570 0.76 8.82
1C 5,200 2,000 830 0.72 9.65
1D 5,400 2,200 910 0.76 10.21
Core comp. 5,700 2,300 820 0.80 10.75
Direct 5,800 3,200 NA 0.90 NA
(Core comp.)

Table 5-26. Tank 241-C-109 Core 48 Miscellaneous Analyte Trending.

- Weight%
TIC TOC Free CN
Subsegment . Total pH
_ (ug/9) | (k9/9) (ng/9) carbon
1C 8,700 | 3,700 1,500 1.3 9.69
1D 7,500 3,500 1,400 1.1 10,99
Core comp. 5,600 3,100 1,300 0.87 10.08
Direct 5,200 3,000 Not applicable 0.72 Not applicable
(Core comp.)
NA = Not applicable.
TIC = Total inorganic carbon.
T0C = Total organic carbon.
Direct = Measurement on a sample with 1ittle or no prior sample
preparation.

9-33



WHC-EP-0668

Table 5-27. Tank 241-C-109 Core 49 Miscelianeous Analyte Trending.

TIC T0C Free CN° Weight%

Subsegment | (4q/q) (4a/g) (ug/g) | Total Carbon PH
1B 3,900 1,800 370 0.57 10.22
1C 6,600 2,200 650 0.88 10.53
1D 6,800 2,600 720 0.94 10.95
Core comp. 4,400 2,300 550 0.67 9.37
Direct 2,500 5,400 NA 0.79 NA
(Core comp.)

NA = Not applicable.
TIC = Total inorganic carbon.
TOC = Total organic carbon.
Direct = Measurement on a sample with little or no prior sample
preparation.

5.6 ANALYTICAL RESULTS--RADIOCHEMISTRY

§.6.1 Radiochemistry Assays--General Comments

Analyses appear to be consistent. Total beta measurements calculated
using %Sy detector eff1c1enc1es Are largely in agreement with the sum of the
major beta emitters, 25y and ¥'Cs. Similarly, the total alpha values show
good agreement with the ,sum of the neptunium, plutonium, and americium/curium
values. Detection of "™'Cs and most other radionuclides was observed to be a
function of sample preparation. This was attributed to the ability of the
sample preparation to dissolve the waste (KOH fusion dissolves the sample
better than acid; acid dissolves the sample better than water). The GEA
’ measgrements are too low to show good agreement with alpha energy analysis

for ““'Am. The GEA analytical values are back-corrected to January 1, 1992,
to account for decay.

5.6.2 Gamma Energy Analysis Results

The GEA data from the replicate samples of the core composites and
subsegments prepared by caustic fusion agree reasonably well (10 percent),
with the exception of subsegment 49-1C. In general, the 37cs content is
lowest in the 1B subsegments and highest in the 1D subsegments following the
general trend observed for several analytes in this core {calcium, sodium,
nickel, and PO ), 1ncrea51n% concentration from top to bottom. This
behavior 1nd1cates that the ™'Cs is concentrated in the lower portion of the
cores (and by extengion, the tank). In addition, the total CN resu1ts
directly trend the 13Cs concentrat1ons {(i.e., h1gh total CN° = high Bres
measurement). The *Eu, "*°Eu, and ““'Am content is above the detectlon limits
only in the 1B subsegments, 1nd1cat1ng that these isotopes are in the upper
waste levels of Cores 47 and 49. The GEA agreement between the sample and the
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duplicates for the acid digestion core composites was not as good as that from
the fusion sampTes (120 percent). Water leach and liquid core composite
resuits for “'Cs and total beta are two orders of magnitude lower than those
obtained from fusion assays, indicating that the fission products are very
insoluble. Agreement between the same top and bottom aliquots in the
homogenization check samples (prepared by acid digestion) were not good, and
differed in some cases by a factor of six, which indicates sample
inhomogeneity or resistance to dissolution. The agreement in the
homogenization check samples prepared by fusion was acceptable in each case.

5.6.3 Total Alpha Analysis and Uranium Assay

Total alpha, plutonium, and ®*'Am analyses were performed on the fusion
samples of the core composites and the direct filtered liquid composite.
Total alpha measurements were also performed on the homogenization check
samples from subsegments 48-1D and 49-1D and the water Teach samples from all
three cores. The total alpha activity was obtained by drying a small aliquot
of fusion-prepared sample on a counting plate and determined using a
scintillation detector. The plutonium and americium fractions were separated
by solvent extraction or ion exchange and similarly counted.

The plutonium analyses are reported as total alpha plutonium. The
process blank was two to three orders of magnitude lower that the samples,
indicating little contamination occurred during sample preparation. Because
of the low total alpha concentration for the liquid composite, no specific
nuclide analyses were performed. The total alpha concentration tends to be
somewhat lower than the sum of the individual alpha emitters; the difference
is Tikely because of absorption by the salt residue on the counting mounts.
Isotopic resolution of the éﬁﬁples was obtained from thermal 1gggzation mass
spectroscopy. Because the “"Pu concentration was low and the =°U
concentration was relatively high in the core compogites, the uranium
contamination interfered with the determination of “"Pu, thus that plutonium
isotope was determined from alpha energy analysis. The variation in the
plutonium isotopic composition is noteworthy, especially for “Opy. Sample
and duplicate analyses are generally within acceptable limits.

Uranium measurements were obtained from ICP fusion and laser fluorimetry
of the three core composites and the liquid composite core. The assays show
good agreement between duplicates, and reasonably good agreement between all
three cores for both assays. Core 48 again demonstrated the highest RPD
(18 percent). The liquid composite had a much lower uranium content than any
of the solid core composites. This result is not surprising; because of the
alkaline environment of the tanks, the uranium is 1ikely a highly insoluble
precipitate. The uranium content varies by a factor of four between the three
cores, with Core 48 having the highest concentration and Core 49 having the
lowest. There is no observable general trend of the uranium concentration as
a function of depth.

5.6.4 Total Beta

Total beta, ™Sr, and Tc analyses were performed on the water leach and
fusion samples of the core composites and the direct filtered liquid
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composite. Strontium-90 measurements were also performed on the fusion
prepared samples from all of the subsegments. The total beta activity was
determined by grying aggma]] aliquot of prepared sample on a beta proportional
counter. The Y9Sr and *Tc fractions were separated by solvent extraction or
ion exchange and similarly counted. There are generally acceptable levels of
agreement between replicates. Preparation blank beta activities for these
samples are orders of magnitude Tower than the levels found in the samples,
again indicating little contamination from preparation in the hot cell.

Most of the beta activity in the tank liquid composite and water leaches
of the solid core composjtes is from “'Cs, except for the Core 49 water leach
composite sample, where sy is the dominant beta emitter. The ™ Sr data is
consistent betweap the fusion core composite values and the subsegments from
that core. The °"Sr content is much higher in suq%egments 47-1B and 49-1B the
in the lower cores, and the general trend of the " Sr concentration is lower
as a function of depth.

Tables 5-28, 5-29, 5-30, 5-31, 5-32, 5-33, and 5-34 show the radionuclide
concentrations found in the core composite samples. Tables 5-35, 5-36,
and 5-37 show fission product concentration and uranium concentrations as a
function of depth.

Table 5-28. Core Composite Fission Products (Fusion Prep).

Core No 137.0s 9°§n _154'Eu 15iEu 6°§o E;;::
"1 (uCi/g) | (uCi/g) |(uCisg) i (uCi/g) | (uCi/g) Ci
(uCi/g)
Core 47 870 1,180 <0.24 1<0.8 |<1.4 E-02] 2,750
Core 48 1,030 190 <0.73 | <1.20 < 2.7 E-02] 1,300
Core 49 560 . 930 0.36 | < 0.52 |<1.4 E-02| 2,300

Table 5-29. Liquid Core Composite Fission Products (Acid Prep).

core o 137_(2 s 790.57. 156p, 155_Eu 6090 Tboettaa]
- © | (uCi/g) [ (uCi/g) | (uCi/g) (uCi/g) {uCi/9) (uCi/q)
Liquid 5.61 9.96-02 |< 3.0E-04|< 2.4E-03| 1.46E-03 5.43
composite
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Table 5-30. Core Composite Uranium.
' 238 235

core No- Ulﬁhgyé;on (;é}g) fr!ii?on frgziﬁon
Liquid composite < DL 3.7 ~NM NM
Core 47 9,200 12,000 0.993263 0.006573
Core 48 24,700 27,600 0.993038 0.006852
Core 49 4,700 7,500 0.993109 0.006753

< DL = Below detection Timits.

FL = Uranium measurement by laser fluorimetry.

Tow. NM = No isotopic measurement on Tiquid composite, concentration too

Table 5-31. Core Composite Trace Radionuciides.
99 T 1%
Core No. wiie) | e/ (4Ci/g)
Liquid composite* 1.6E-01 3.0E-03 2.3E-03
Core 47 1.1E-Q1*** 8.5£-03 6.3E-06
Core 48 1.2E-01%%* 6.4E-03 1.8E-05
Core 49 9.4E-02%** 6.4E-03 3.6E-05

*( jquid composite results obtained from acid digestien.
**34 yalues are biased high from contamination in the hot
cell (blank levels ranged from 3.9 E-03 to 6.7 E-03).
#+%99Tc core composite values obtained from caustic fusion
assay; 34 and '“C.values obtained from water digestion.

Plutonium Concentration and Isotopic Distribution;

Table 5-32.
Total w0
Core plutonium 238p; Mass | 2%Pu Mass | 2%Pu Mass | 'Pu Mass | *°Pu Mass
No. a activity | fraction | fraction | fraction | fraction § fraction
(uCi/qg) :
Core 47 0.88 0.00005 0.932237| 0.066256| 0.001216]| 0.000241
Core 48 0.065 0.00011 0.976356| 0.022995| 0.000364] 0.000176
Core 49 0.079 0.00014 0.949629| 0.048786| 0.001119]| 0.000329

No Pu measurement on liquid composite, concentration too low.
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Table 5-33. Core Composite Transuranics (fusion preparation).
Total a
Core “Np Zopyx S%yx | A, | #Am,, | Total @ | water
No. | (uCi/g) | (uCifg) | (uci/g) | (wei/ad] (uci/a) | (uCifg) | Tleach
- (sCi/qg)
Core 47 3.65E-04{ 4.40E-05 0.82 |< 0.58 0.32 0.992 | 4.84E-03
Core 48 3.34E-04| 7.15E-06 0.063 |< 0,71 0.01 0.065 | 1.35E-04
Core 49 3.01E-04| 1.11E-05 0.075 | < 0.35 0.13 0.129 | 6.25E-04
* = Determined from total plutonium alpha and isotopic measurements
AEA = Measurement by alpha energy analysis.
GEA = Measurement by gamma energy analysis.
Table 5-34. Total Alpha Homogenization Test (pCi/g) (Acid Prep).
Top-1 6.18E-02 Top-2 5.00E-02
Core 48-10 K ttom1 6.74E-02 | Bottom-2 5.26E-02
Top-1 3.58E-02 Top-2 5.94E-02
Core 49-10 I ttom-1 4.46E-02 | Bottom-2 5.23E-02
Table 5-35. Tank 241-C-109 Core 47 Radionuclide Trending
(Fusion Preparation).
137 90 154 155 241
Cs Sr Eu Eu Am Uiep
subsegment | (ycizg) | (uci/g) | (uCi/g) | wCi/g) | (uci/g) | (wdld)
18 340 4,600 0.88 .16 0.75 11,800
1C 770 470 <0.13]<0.86 | <0.48 6,100
1D 950 200 < 0.11 [ <1.02 | <0.55 5,800
Core comp. 870 1,180 <0.24 | <0.86| <0.58 9,200
Core comp. 9.24 17.35* < 0.0021< 0.008]| < 0.004 < DL
(water
leach)

*Yalue from total beta analysis.
ICP = inductively coupled plasma result.
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Table 5-36. Tank 241-C-109 Core 48 Radicnuclide Trending
(Fusion Preparation).

137 90 154 155 241
Cs Sr Eu Eu U,
Subsegment | (,ci/g) (Ci/g) | (ucija) | wei/g) | wcifa) | (wale)
1C 1,200 150 <0.08 | <1.10 | <0.59 | 16,700
1D 1,170 120 <0.10 | <1.20 { <0.63 | 14,400
LE::& comp. 1,030 190 <0.73 < 1.2 <0.71 24,700
e
Core comp. 9.3 8.6 |< 0.0007 | < 0.008{ < 0.004 < DL
(water ) ,
leach)
Table 5-37. Tank 241-C-109 Core 49 Radionuclide Trending
(Fusion Preparation).
137 90 154 155 241
Cs sr Eu Eu u,
Subsegment | (ycizg) | (ucifg) | (wCi/e) | (ucize) | (ucifG) | (wafa)
1B 120 2,400 0.78 0.93 0.52 7,900
1C 350 200 <0.04 { <0.25 | <0.14 | 1,300
1D 700 190 <0.06 [ <0.50 [ <0.27 | 12,400
Core comp. 560 930 0.36 < 0.52 | < 0.35 4,700
[ e o - - - |
Core comp. 5.3 8.7* <0.0020 | < 0.0060 | < 0.003 < OL
(water leach)

*Yalue from total beta analysis.
< DL = below detection limit.
ICP = inductively coupled plasma result.

5.7 ANALYTICAL RESULTS--ENERGETICS

Scanning TGA and DSC were performed on subsegment and core composite
material obtained from tank 241-C-109. These two thermal analysis techniques
are useful in determining the thermal stability or reactivity of a material.
In DSC analysis, heat flow over and above the usual heat capacity of the
substance is measured while the substance is exposed to a linear increase in
temperature, i.e., dT/dt = Constant (where T = temperature, and t = time).
While the substance is being heated, air is passed over the waste material to
remove any gases being released. The onset temperature for an endothermic or
exothermic event on a NSC is determined graphically.

TGA measures the mass of a sample while the temperature of the sampie is
increased at a constant rate (5 °C/min). Again, dT/dt is constant because the
X-axis is representative of the running time of the analysis as well as the
temperature increase of the sample during analysis. The Y-axis represents the
weight percent of the sample and is effectively unitless. As with the DSC,
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air is passed over the sample during heating. Any decrease in the weight
percent of the sample represents a loss of gaseous matter from the sample
either through evaporaticn or through a reaction that forms gas phase
products.

DSC is often used to measure thermal decomposition temperatures, heats of
reaction, reaction temperatures, melting points, and solid-solid transition
temperatures. TGA is used to measure thermal decomposition temperatures,
water content, and reaction temperatures. The two methods often provide
complementary information.

5.7.1 Remarks on the Interpretation of Differential
Scanning Calorimetry/Thermogravimetric
Analysis Data

The results of the thermal analyses performed are summarized in
Tables 5-38 and 5-39. The observed behavior for each of the samples is
similar; there are two significant features on the DSC trace; there are also
three distinguishable features on the TGA plots. Because one of the DSC
events overlaps the area where two of the TGA events are occurring, there may
be more phenomena occurring in this temperature range than the machine is able
to resolve clearly. The values presented in the tables do not exactly match
the values recorded on the DSC and TGA plots. This is because interpreting
these semi-quantitative analyses requires considerable experience and
Jjudgement on the part of the analyst. Although the temperature ranges
observed for the various transitions in the DSC and TGA assays do not exactly
match, the weight losses and thermal events in the observed transitions are
considered related and usually in the same vicinity.

There is a concern regarding the choice of cover gas affecting the DSC
and TGA resuits. Air was used in the assays instead of an inert gas because
that is what the test instructions directed. However, oxygen in the air may
contribute to the oxidation of the sample and alter the reaction
(Pederson et al. 1993). This condition is not considered representative of
the potential reaction conditions in the tank; therefore, future DSC/TGA tests
will be performed under an inert cover gas. Test instructions governing the
treatment of these samples are being written and implemented to ensure the
proper thermal testing of ferrocyanide waste samples.
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Table 5-38. Thermogravimetric Analysis Results
from Tank 241-C-109.

Core Total Wt% | Transition 1| Transition 2 [ Transition 3
sample loss Wt% loss Wt% loss Wt% loss
47-1B 31.4 10.2 17.9 3.3
47-1C 39.3 18.0 17.6 3.7
47-1D 28.2 19.7 6.8 1.7
47-Comp. 33.4 14.8 14.9 3.7
48-1C N.M. N.M. M. N.M.
48-1D 48.1 45.1 3.2 -0.2

48-Comp. NM NM NM NM

49-1B 34.1 4.2 25.8 4.1
49-1C 46.6 29.6 14.2 2.8
49-1D 40.0 29.3 9.6 1.1
49-Comp. 46.1 26.6 15.8 3.7

Transition 1: 31° - 150 °C.

Transition 2: 150° - 425 °C.

Transition 3: 330° - 500 °C.

These ranges are appropriate and there is some overlap.
NM = No measurement. -

Comp. = Core composite.
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Table 5-39. Differentiai Scanning Calorimetry Energetics Results

from Tank 241-C-109.

Transition 1 Transition 2 Transition 3
Core
Sample R%Q?e éﬁggt sxﬂ. R%Q?e ;2§2t 533' R%ﬂ?e ;ﬁggt ?:%{
CO Ve lwe] C9 oo 9 | colwe
47-1B 33-150 70 350 1560-338 259 1,555 {a) N.A.
47-1C 35-144 53 425 167-318 217 610 380-481 391 72
47-1D 34-154 59 767 190-369 225 508 369-441 375 21
47-Comp. | 34-150 55 785 159-330 216 1,084 (a) N.A.
48-1D 34-196 104 1,034 | 249-338 272 =27 336-431 359 31
49-18B 33-115 40 368 193-373 270 2,188 (a) N.A.
49-1C 33-197 72 658 167-316 242 565 (a) N.A.
49-1D 34-166 71 712 152-324 225 305 379-483 394 48
49-Comp, | 34-192 99 964 160-329 243 922 {a) N.A.

{(a) No quantifiable transition is observed.
NOTE: To convert from J to cal, divide by 4.18.
NOTE: Negative AH indicates an exotherm.

N.A. = Not applicable.

Comp. Core composite.

o
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5.7.2 General Comments on the Differential
Scanning Calorimetry/Thermogravimetric
Analysis Behavior of the Samples

The first transition in each sample is endothermic, begins at the lower
temperature limit of the analysis (30 °C), and is essentially complete between
140 °C and 200 °C. The most 1ikely phenomenon occurring in this region are
the release of the bulk and interstitial water in the core sample material.
The endotherms exhibited in this region are substantial (typically, 350 teo
1,030 J/g). These values are per gram of wet sample; if divided by the mass
fraction lost during amalysis, they typically range from 2,200 to 3,900 J/g
and correspond generally with the heat of vaporization of water (2,260 J/g),
although there are some outliers with much higher endotherms. The overall TGA
water content does not correspond well with the water loss observed in a
gravimetric weight percent solids determination as given in Tables 5-43
to 5-45. However, this disagreement is attributed to phenomenological
differences in the materials' reaction to thermal stress of varying intensity.

Additional weight Toss and endotherms are routinely detected between
260° to 300 °C in the Core 47 and 49 samples. For these samples, the majority
of the weight percent change observed in the TGA curve occurs over this
temperature range and no exothermic action is observed. This behavior is
attributed to the high levels of aluminum in the samples. It is believed that
the phenomenon occurring in this region is the dehydration of aluminum
hydroxide to alumina and water vapor (Brown and Jensen 1993; Appendix A).
Several other reactions are potentially associated with this endotherm:
melting of NaNO, and NaNO; salts, endothermic ferrocyanide reactions with the
nitrate and nitrite salts to form NO and NO,, and water Tosses of sodium
alumina silicates and other hydrated compounds. Core 48 is unlike the other
samples and exhibits exotherms and weight changes that have been observed in
previous thermal analysis studies of tank 241-C-112 waste (Simpson et al.
1993), Cs,NiFe(CN), (Scheele et al. 1991) and other simuiant materials
(Bechtold 1992; Jeppson 1993). As reported previously, the dried simulant
materials demonstrate much Targer exothermic responses than those observed in
tank 241-C-109 waste. However, the magnitude of the exotherms observed
correlates roughly with the predicted exotherms derived from the amount of
cyanide present in the waste (refer to Tables 5-40, 5-41 and 5-42), based on
the Fauske (1992) determined value of -3.95 kJ/g Na,NiFe(CN),. The weight
losses are attributed to the loss of gaseous reaction products and waters of
hydration.

The third transition is very small compared with the other two observed
transitions (< 100 J/g), but here the energetic behavior is not readily
quantifiable in all of the samples analyzed. A minor weight loss was
routinely observed in the samples at temperatures abave 300 °C.
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Table 5-40. Tank 241-C-109 Core 47 Energetic Comparison.
Equivalent Wt%X|.
Wt% Total sodium nickel Theoretical hgat Measured.hegz
Subsegment cyanide ferrocyanide of reaction of reaction
(dry) (dg;) (cal/g dry waste) | (cal/g dry waste)
1B 0.30 0.61 -5.8 No Exotherm
1C 0.44 0.89 -8.4 No Exotherm
1D 0.58 1.17 -11.1 No Exotherm
Composite 0.55 1.11 -10.5 No Exotherm
Table 5-41. Tank 241-C-109 Core 48 Energetic Comparison.
Equivalent Wt%
Wt% Tgta] sodium nickel Theoretica! hEat Measured heat
Subsegment cyanide ferrocyanide of reaction of reaction
(dry) (dﬁ}) (cal/g dry waste) | (cal/g dry waste)
1C 1.13 2.29 -21.6 NM
1D 0.87 1.76 -16.6 -12.4
Composite 1.44 2.91 -27.5 NM
Table 5-42. Tank 241-C-109 Core 49 Energetic Comparison.
Equivalent Wt% .
Wt Total sodium nickel Theoretical hgat Measured'heiz
Subsegment cyanide ferrocyanide of reaction of reaction
(dry) ' (dﬁ;) (cal/g dry waste) | (cal/g dry waste)
18 0.35 - 0.71 -6.7 No Exotherm
1C 0.81 1.64 -15.5 No Exotherm
iD 0.55 1.11 -10.5 No Exotherm
Composite 0.56 1.13 -10.7 No Exotherm

NM = No measurement.

NOTE:

1 cal = 4,18 J.
*Based on -3.95 kJ/g Na
**fndothermic measuremen

NiFe(CN), (Fauske 1992).
%s are in Appendix A, Table A-9.

The properties related to energetics are illustrated for each core in

Tables 5-43, 5-44, and 5-45.

The results for the samples from 48-1D,

indicates that this sample differs in thermal behavior from most of the other
samples, further suggesting a difference in waste type.
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Table 5-43. Tank 241-C-109 Core 47 Energetics Trending.

| wes Total | wix WE% Wt% | Average heat
Subsegment cyanide organic Total Water Water of reaction

(dry) carbon carbon { (Grav.) | (TGA) | (J/g dry waste)
1B 0.30 0.22 0.76 19.3 | 31.4 No Exotherm
1€ 0.44 0.20 0.72 28.4 39.3 No Exotherm
1D 0.58 0.22 0.76 39.4 28.2 No Exotherm
Composite 0.55 0.23 0.80 21.5 33.4 No Exotherm

Table 5-44. Tank 241-C-109 Core 48 Energetics Trending.

WEL | wew Total | wex Wt% Wt% | Average heat
Subsegment cyanide organic Total Water Water of reaction
. {dry) carbon carbon | (Grav.) | (TGA) | (J/g dry waste)
e 1C 1.13 0.37 1.24 52.8 NM NM
1D 0.87 0.35 1.10 51.6 48.1 -51.9
Composite 1.44 0.31 0.87 57.7 NM NM

Table 5-45. Tank 241-C-109 Core 49 Energetics Trending.

| Wex Total | utx WE% Wt% | Average heat
Subsegment cvanide organic Total Water Water of reaction
{dry) carbon carbon | (Grav.) | {TGA) | (J/g dry waste)
1B 0.35 0.18 0.57 19.6 34.1 No Exotherm
1C 0.81 0.22 0.88 38.3 46.6 No Exotherm
1D 0.55 0.26 0.94 39.6 4¢.0 No Exotherm
Composite 0.56 0.23 0.67 27.8 46.1 No Exotherm
Heats of Reaction are calculated using the TGA wt% water value.
NOTE: 1 cal = 4.18 J.
Grav. = Water content from gravimetric weight percent water.
NM = Not measured.
TGA = Water content from scanning thermogravimetric analysis.

The TOC and TIC assays are not considered capable of measuring the total
cyanide in the waste because they depend on acid dissolutions to perform the

analyses.
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5.8 ANALYTICAL RESULTS - POTENTIAL WASTE CONSTITUENTS

5.8.1 Mass Balances

A method to help ensure that the data are acceptable is to perform a mass
balance on the core composite sample data. This activity functions as a rough
quality control check, and also provides insight to some of the properties of
the matrix. To do this, the assumption in performing the mass balance is that
the anions, cations, and water are all associated in some manner, but the
exact chemistry of the association is not considered. Analytes contributing
less than 0.2 wt% (generally trace ICP analytes, AA analytes, and
radionuclides) are considered negligible in this assessment. The assays that
contributed analytes to the mass balance were the ICP fusion, IC, total
carbon, total cyanide assays, and the gravimetric wt% water measurement. The
ICP fusion value does not include nickel, which is a significant analyte in
the sample but may be biased high. However, for the purpose of this exercise,
the nickel value from the respective acid leach preparations will be inserted
into the total mass of ICP fusion analytes to account for it.

Without considering the physical and chemical properties of the waste
matrix and the context of the process history, the mass balances produced from
these assays will be biased Tow. However, this bias is expected because it is
known that there are analytes present that were not measured in the analysis
of the samples. While the IC anion analysis only measures the water-soluble
components; there is a substantial insoluble residue that must contain
additional anions. There is no measurement of the sulfide content in any of
the assays, even though it has been previously established that 21,600 g-mo]
of $° was used in scavenging ®9cs. Thus, an additional contribution of
2,300 ug S}/g_has been estimated as necessary to close the balance. Bismuth
was not reported in the assays, and BiP0O, first cycle waste was recorded as
being disposed here, which also introduces a potential shortfall.

Aluminum is likely to be present as A1(OH);, and other transition metals
are also likely to be present as hydroxides or ﬁydrous metal oxides. Neither
hydroxide ion or oxide content has been measured in the waste, which
introduces additional sources of shortfall in the recovery. Therefore,
multipliers for aluminum (2.9), iron (1.6), nickel (1.6), and uranium (1.3)
will be used to account for the unmeasured hydroxide or oxygen, which are
assumed to be present in combination with these analytes (Appendix A). Only
metals making weight percent contributions to the waste matrix will be
adjusted in this manner; the trace metals will be assumed to be lost in the
error of the major constituents. Adjustments will be made individually
for TOC, TIC, and total cyanide. It is assumed that the TOC and TIC assays
did not consume or measure any cyanide present. In addition, a significant
disparity can be corrected by compariqg the spluble phosphorus from the water
leach ICP (and assuming that it is PO.”), P04}'va]ues from the IC, and the
phosphorus from the ICP fusion assay; the phosphate was found to be only 29 to
43 percent soluble {Appendix A). The water leach ICP and IC values agree
within 3 percent, stronggy suggesting that the soluble phcsphorus in the waste
matrix is present as PO,”". The process history of the tank also indicates
that large amounts of phosphate were used to encourage precipitate formation.
Therefore, an assumption that the phosphorus in the fusion assay represents an
insoluble POJ“ is not unwarranted. Convert the phosphorus in the ICP assay
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to POQL and add it along with the water soluble phosphate and other anions.
A minor accounting shift is now necessary to avoid double counting (subtract

the ICP fusion phosphorous value).

Accounting for the analytes in this manner aids in closing agreement and
the percent recoveries are between 96.3 percent and 106.1 percent (near
quantitative recoveries). However, there remain some aspects of the waste
matrices that require examination. Tables 5-46, 5-47, and 5-48 present mass
balances that have been adjusted to compensate for the contributions of
unmeasured (but 1ikely) anaiytes combined with the measured analytes. There
may have been some error introduced from drying of the sample during the
preparation of the core composite. In the case of these waste materials, the
disparity between the gravimetric water measurement and the TGA water content
suggests (1) drying of the sample before the gravimetric assay; (2) incomplete
drying during the gravimetric test, which biases the results low; or (3) One
or more endothermic events occurring at the same time (chemical reactions or
phase transitions resulting in the loss of mass).

Table 5-46. Adjusted Mass Balance: Core 47 Composite.

Concentration

Assay | (89/9)
ICP--Fusion (+ Ni from acid leach; -P; 567,600
Al, Fe, Ni, U, adjustments) '
IC Anions, (TOC, TIC, and CN™ adjustments; 212,500
+P as PO 5 +5%)
Gravimetric Water _ 215,000
Total (1,000,000 ug/g) o : 995,100

Table 5-47. Adjusted Mass Balance: Core 48 Composite.

Concentration
| Assay (ka/9)
ICP--Fusion (+ Ni from acid leach; -P; 241,500
Al, Fe, Ni, U, Si adjustments)
IC Anions (TOC, TIC, and CN™ adjustments; 242,600
+P as PO +5°7)
Gravimetric Water 577,000
Total (1,000,000 ug/q) 1,061,100
IC = Ion chromatography.
ICP = Inductively coupled plasma spectroscopy.
TIC = Total inorganic carbon.
TOC = Total organic carbon.
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Table 5-48. Adjusted Mass Balance: Core 49 Composite.

Concentration

Assay (4g/9)
ICP--Fusion (+ Ni from acid leach; -P; 503,700
Al, Fe, Ni, U, adjustments)
IC Anions (IOC, TIC, CN* adjustments; +P 181,600
as PO>; +§%7)
Gravimetric water 278,000
Total (1,000,000 ug/qg) 963,300

IC = Ion chromatography.

ICP = Inductively coupled plasma spectroscopy.
TIC = Total inorganic carbon.
TOC = Total organic carbon.

5.8.2 Suggested Components of Waste Matrix

The actual composition of the waste matrix is quite complex, and trace
amounts of various compounds probably exist in the tank. However, with some
simple assumptions regarding how the anions and cations will combine, a list
of the most probable compounds that exist in the waste matrix and contribute
significantly to its overall makeup can be developed.

Table 5-49 is a condensed version of a more generﬁﬂ chart found on

page D-147 in the Handbook of Chemistry and Physics 6452 Fd. (Weast 1984).
It provides solubility data on some of the most common anions and cations.

Table 5-49. Probable Solids in the Waste Matrix.

No; | mNo; | PO | so | oW | . fjg;")g- o> | s
ar? PPT pPT PPT NL
Ca*? PPT PPT PPT
Fe*2:*3 PPT PPT PPT | PPT
Na*

Ni*2 | PPT PPT PPT PPT | PPT
u*é NL PPT PPT PPT PPT

PPT = Precipitate forms.
NL = Precipitate formation not likely under tank conditions.
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From the earlier tables and process information, chloride, sulfide, and
even ferrocyanide will not be significant mass contributors to the waste
matrix. Sulfide and cyanide precipitates are significant because they provide
a potential fuel source. However, it is generally believed that the sulfides
were eventually converted to sulfates. Sodium, NO,, and NO; are highly
soluble, and thus probably do not contribute much %o the insoluble solids.
However, sodium, nitrate, and nitrite contribute significantly to the overall
solids content of the waste (dissolved + insoluble solids). In addition, they
represent three of the four most prevalent analytes, after water, in the
waste. No analytical measurement of hydroxide was made, but it is known that
in the process history of tank 241-C-109, basic solutions were added routinely
to the tank. The following is a list of likely candidates for the insoluble

solids.

Aluminum hydroxide, A1(OH),
Aluminum phosphate, A1PO,

Aluminum oxide, Al,0;

Aluminum silicate, 3A1,05°25i0
Tetraaluminum ferrocyanide, Af!,.[Fe(CN)éj3
Calcium phosphate, Cas(PO,),

Calcium sulfate, CaS0O

Calcium carbonate, Ca?‘.O3

Iron carbonate, FeCO

Iron(II) hydroxide, ie(OH)

Iron(111) hydroxide, Fe(0Hjs
Iron(II) phosphate, Fe;(P0,),
Iron(III) phosphate, FePO,

Iron sulfide, FeS :
Iron(I11) ferrocyanide, Fe,[Fe(CN),]
Disodium nickel ferrocyanide, NazNﬂ-}é(CN)6
Nickel carbonate, NiCO,

Nickel sulfide, NiS

Nickel hydroxide, Ni(OH)z

Dinickel ferrocyanide, Ni,Fe(CN),
Uranyl phosphate, UQ,HPO,*4H.0
Uranyl hydroxide, UO(OH},

Uranyl sulfide, UO,S

Urany] sulfate, 2(602504)-7H20.

« & & & & & & & & & S & 6 S & & 5 F 4 S e

The ¥7Cs present is still apparently bound with the ferrocyanide, and
the Sr is probably bound with phosphate, carbonate, or sulfate.

5.8.3 Comparison to Theoretical Estimates
and Simulant Studies

Agreement between synthetic sludge properties and observed waste material
characteristics is within the constraints of the synthetic recipes and
assumptions regarding chemical behavior in tank 241-C-109. Table 5-50
compares some properties and analyte concentrations of the waste materials and
comparable simulants.
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Table 5-50. Tank 241-C-109 Comparison of Waste Material with
Simulants for Selected Analytes.
Core 47 values
In Farm 2 Core 48 values Core 49 values
Analyte simulant sub?igmegziggnge subsegment range | subsegment range
_ values P (composite value) | (composite value)
_ value)
Ni ug/g* 18,700 19,400 to 25,600 | 44,000 to 24,000 { 10,800 to 31,900
: {31,900) (33,000) (22,900}
Wt% H,0 51 19.3 to 39.4 51.6 to 52.8 34.1 to 46.6
(Grav.) (21.5) (57.7) (46.1)
Wt% 9.1 to 0.30 to 0.58 0.87 to 1.13 0.35 to 0.81
Total 11.3 (0.55) (1.44) (0.56)
Cyanide
dry basis
M -1,200 No detectable -51.9 (NM) No detectable
J/dry g exotherm exotherm
Density 1,39%* NM (1.2) NM (1.3) NM (1.1)
g/ml

*Nickel analysis is biased high.
performed in a nickel crucible.
an order of magnitude (or greater) less than the measurement.

Values are derived from ICP fusion
However, in each case the blank value was

The fusion

values are usually twice the acid digestion values, for the core composite

measurements.
**Centrifuged for 30 gravity years.
Grav. = gravimetric assay.

NM =

5.9 RCRA-TYPE ANALYSIS:

5.9.1

Chemical Data

Not measured.

DATA VALIDATION/VERIFICATION PROTOCOL

Data validation procedures for chemical data were in place during the

analysis of tank 241-C-109.

The data validation and verification procedures

foliowed to ensure reliable data for RCRA-type samples are described in detail

in WHC-CM-5-3, Sample Management and Administration, Section 2.0.

list of the requirements for data packages are as follows:

®* @& 8 2 o & & 2 @

Requested versus reported analyses
Analysis holding times
Matrix spike/matrix spike duplicate analysis
Surrogate recoveries
Duplicate analysis
Analytical blank analysis
Additional QA/QC oversight, as designated in the SOW
Initial and continuing instrument calibration
GC/MS Tune criteria (GC/MS analysis)
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* Internal standards {GC analysis)
+ i{aboratory control samples (LCS)
* Interference check sample (ICP).

When determining the quality of the chemical data for tank 241-C-109, it
is useful to consider the results of several of the quality control assays.
Blanks, matrix spikes, duplicates, and control samples can all provide further
insight to the data and its reliability. Potential sample contamination
problems are addressed using analytical blanks. Confounding effects of the
sampie matrix are resolved using matrix spike results. Duplicate analysis
compares the difference between the replicate samples, providing an indication
of laboratory precision (and in some cases, sample heterogeneity). The
laboratory control sample offers a monitor of overall performance of an
analytical method in all steps of the analysis. Overall, there were few
problems with the data validation and compliance with established quality
control criteria. The 241-C-109 samples were generally free from calibration
and contamination errors. In addition, the interference control standards,
matrix spike, laboratory control standard, and holding time requirements were
largely met. In some cases, the poor samplie/duplicate agreement observed in
some of the assays was attributed to significant sample heterogeneity. In
almost all cases, no significant problems were found, and the data obtained
was qualifiable and usable in characterizing the tank contents. Appendix D
contains a summary of the most relevant quality assurance data.

5.9.2 Radiological Data

Similarly, the data validation and verification procedures followed to
ensure reliable data for radicactive, high-level, RCRA-type samples are also
described in detail in WHC-CM-5-3, Sample Management and Administration,
Section 2.4. They differ somewhat from the requirements for chemical data.
A brief list of the requirements for data packages are as follows:

Chain of custody .

Reguested versus reported analyses

Efficiency checks

Laboratory control samples (LCS)

Initial calibration

Preparation blank analysis

Matrix spikes/tracers/carriers

Additional QA/QC oversight, as designated in the SOW
Duplicate analysis

Background checks.

® & & & & o 0o & 0

When determining the quality of the radiological data for tank 241-C-109,
it is also useful to consider the results of several of the quality control
assays. Chain-of-custody, calibrations, efficiency and background checks,
blanks, matrix spikes/tracers/carriers, duplicate analyses, and laboratory
control samples can all provide further insight to the data and its
reliability. Potential sample contamination problems or loss of sample
control are addressed in using a chain-of-custody. Initial calibrations,
efficiency and background checks, and analytical blanks ensure that the
equipment is operating correctly and further address contamination problems.
Confounding effects of the sample matrix are resolved using matrix
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spike/tracers/carriers. Duplicate analysis compares the difference between
the replicate samples, providing an indication of laboratory precision (and in
some cases, sample heterogeneity). The laboratory control sample offers a
monitor of overall performance of an analytical method in all steps of the
analysis. In the case of the radiological data, there were several problems
with the data validation and compliance with estabiished quality control
criteria., The 241-C-109 chain-of-custody documentation showed liner liquid
apparently came from two samples (Cores 47 and 49) thus, sample integrity was
compromised. With the degree of sample containment and isolation these
sampies have, there was no danger of significant sample contamination or
excessive exposure risk. However, this incident does demonstrate some
shortcomings of the present sampler. The sample blank results further
indicated that samples were generally free from contamination errors (tritium
was an exception). Additionally, there are several problems in compliance
with the established QC criteria for initial calibrations, efficiency checks,
matrix spike/tracers/carriers, and the use of laboratory control standards for
these samples. In many cases, the radiological data obtained was determined
to.be not qualifiable and unusable in characterizing the tank contents during
the validation procedure. On further investigation, it was found that this
finding is true only because of the discrepancies in quality control criteria
between the PNL Technical Task Plan and the governing validation documentation
WHC-EP-0210 (Winters et al. 1990). These concerns were addressed and
responded to in the PNL TTP, which outlined the alternative quality control
criteria that would be adhered to during the analysis of the samples. WHC
agreed to the criteria outlined in the PNL TTP and a formal audit response has
been issued to clarify the matter further (Appendix D). For the purposes of
characterization and data interpretation stated in this document, the data are
deemed acceptable for use.
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6.0 INTERPRETATION OF ANALYTICAL RESULTS

6.1 TANK 241-C-109 WASTE PROFILE

Tank 241-C-109 received several major types of waste likely to deposit
solids during its operating history. The waste types in chronological order
are as follows:

e Bismuth phosphate first decontamination cycle waste (1C)

« Unscavenged uranium recovery waste from U Plant and ferrocyanide-
scavenged waste (FeCN) from scavenging of UR waste initially stored
in other tanks

. Ferrocyanide—scavenged-supernatantsofrom BY Tank Farm that required
additional scavenging for " Co and %Sy without ferrocyanide

. Férrocyanide~scavenged waste (FeCN) 1C Evaporator Bottoms (EB) from
scavenging of evaporator processed 1C, CW, and UR waste initially
stored in other tanks

o Decladding/coating (CW) and hot semiworks (HS) wastes.

A relatively large volume of B Plant ion-exchange waste was received after
these solids-bearing wastes. These last wastes would not be expected to
contribute large amounts of solids to the tank. This section will attempt to
identify the location of the tank waste solids, thereby allowing estimates of
the tank inventory for various analytes of importance.

To identify the waste profile, the approach taken was that the subsegment
assays were examined for analytes distinct to the waste types disposed in the
tank, and that information was combined with what is known regarding the
tank's process history. The first waste placed in the tank, via the cascade
inlet from tank 241-C-108 was BiP0O, 1C waste. This waste would be
comparatively high in bismuth, phosphate, and aluminum because aluminum
decladding waste was combined with it. The 1C solids volume was measured as
38,000 L (10,000 gal) in 1952 (Anderson 1990). This volume would amount to
approximately 25.4 cm (10 in.) in the dished tank bottom. The tank was filled
with unscavenged uranium recovery wastes in 1953. This waste was scavenged
and routed to tank 241-C-112 in 1955.

The tank then received ferrocyanide-scavenged waste. The solids from
this waste would be high in nickel, calcium, cyanide (as ferrocyanide),
137¢s . and uranium, although the uranium may have settled out in the tank
originally receiving the UR waste. Because some of the ferrocyanide waste
feed was concentrated 1C and CW wastes (EBs), the waste could also be high in
aluminum. DBuring this timeb several batches of the concentrated wastes that
were scavenged for %o and "°Sr were processed without ferrocyanide. However,
further processing with ferrocyanide continued until the end of scavenging in
early 1958. The estimated solids volume in tank 241-C-109 at the end of the
scavenging program was between 216,000 and 341,000 L (57,000 and 90,000 gal).
This would amount to 41.1 to 71.6 cm {16.2 to 28.2 in.) distributed evenly
across the tank.
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The last major waste type was evaporated aluminum cladding waste. While
these materials would be high in aluminum and silica, the solids volume of
this waste is unknown. The grey/white solids seen in the video recordings of
the core extrusions are believed to be cladding waste, and the tan/dark brown
solids are thought to be ferrocyanide sludge. Their observed position during
extrusion agrees with the historical record. The volume of strontium
semiworks waste was small and probably would not have been_ visually
detectable. However, it would have had a relatively high %Sr content because
it included strontium recovery and purification waste losses. This
characteristic would be readily observable in the radiochemistry analyses.

6.2 REVIEW OF THE SUBSEGMENT ANALYTE PROFILES

The following conclusions are drawn from review of the subsegment
analyses presented in Section 5.0.

Core 47

Chemical analyses indicate this material is ferrocyanide waste, although
the wastes scavenged were mostly evaporated 1C (with some CW wastes).
The relatively high nickel, calcium, and 37cs levels in the composites and
the analyte profiles in the subsegments lead to this conclusion. The
extremely high aluminum values are attributed to concentrated 1C and coating
wastes (both scavenged and unscavenged) deposited in the tank. The
phosphate/phosphorus profile indicates very Tittle BiPQ,” 1C waste in the
upper portions of the tank. Phosphate/phosphorus routinely demonstrate an
increasing concentration profile as a function of depth. In addition, the
total cyanide analysis indicates residual cyanide in the waste although the
measured cyanide concentration is much lower than that expected from simulant
information. However, the DSC traces show no discernable exotherm in the
temperature range where the In Farm simulants begin to show reactions.
Instead, the overall energy release is highly endothermic, postulated to be
from the decomposition of aluminum hydroxide to alumina and water. High gy
. values in 47-1B indicate hot semiworks/strontium semiworks and the *°Sr values
decrease dramatically as a function of depth.

Core 48

Because the amount of solids recovered from this core was 14.0 cm
(5.5 in.) (assumed to be subsegment 1D); thus, the waste origin is somewhat
indeterminate. Chemical analyses indicate this material is ferrocyanide
waste, the relatively high nickel, calcium, and 137cs levels in the composites
and the analyte profiles in the subsegments support this conclusion.' However,
none of the primary analytes {e.g., nickel, aluminum, calcium, and phosphate),
match the other two cores well as composites or the subsegment profiles. The
waste from this core has the highest total overall cyanide content and Towest
aluminum concentration. It exhibits a minor exotherm in the temperature range
where the In Farm simulants begin to show reactions. This material is much
more reminiscent of the sample cores from tank 241-C-112 than of the samples
from tank 241-C-109. The relatively low “°Sr values and the Tack of a high
value on top of the sample suggest this segment was acquired from deeper in
the tank than the other samples.
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Core 49

Chemical analyses indicate this material is ferrocyanide waste although
the wastes scavenged were mostly evaporated 1C (with some CW wiﬁxes), much
similar to Core 47. The relatively high nickel, calcium, and *'Cs levels in
the composites and the analyte profiles in the subsegments lead to this
conclusion and there is relatively close correspondence between the two cores.
The extremely high aluminum values are attributed to concentrated 1 and
coating wastes (both scavenged and unscavenged) deposited in the tank. The
phosphate/phosphorus profile indicates very 1ittle 1C waste in the upper
portions of the tank. Phosphate/phosphorus routinely demonstrate an
increasing concentration profile as a function of depth. In addition, the
total cyanide analysis indicates residual cyanide in the waste although the
measured cyanide concentration is much Tower than that expected from simulant
information. However, the DSC traces show no discernable exotherm in the
temperature range where the In Farm simulants begin to show reactions.
Instead, the overall energy release is highly endothermic, postulated to be
from the decomposition of aluminum hydroxide to alumina &pd water. High ™Sr
values in 49-1B indicate HS/strontium semiworks and the ™ Sr values decrease
dramatically as a function of depth.

6.2.1 Tank Entrance/Exit Effects
on Analyte Distribution

Figure 6-1 shows an elevation and a plan of where the core samples were
taken. Important items to note are that Cores 47 and 48 were taken from
risers near the ferrocyanide waste intet, while Core 49 was obtained near the
waste pumpout riser. The decant "float and flex" pump contained a 6.1-m
(20-ft) section of flexible hose that could traverse a relatively wide area on
that side of the tank. The cascade fill Tine (where BiP0O, 1C waste entered
the tank) is closer to the Core 49 sample point than to tﬁe Core 47 and 48
risers. The elevation view shows this is a shallow-dish bottom tank and the
bottom of the core sampies were 34.3 cm (13.5 in.) above the centerline inside
bottom of the tank. Also shown is the waste surface, measured from the
centerline as 79.9 t 1.3 cm (31.5 £ 0.5 in.). Figure 6-2 shows a
representation of the overall waste profile of tank 241-C-109 and the assumed
volumes, boundaries, and positions of the various individual layers as they
are believed to exist.

As new wastes entered the tank and distributed themselves across the
tank, the solids under and around the tank pumpout (Core 49) could have been
disturbed (and occasionally solids transferred) in behavior similar to the
last in-first out principle. However, an inspection of the analyte profiles
and model results indicated that disturbance and transfer of ferrocyanide
solids did not appear to occur in tank 241-C-109; the waste did not accumulate
to levels that the floating suction pump encountered. It is believed that the
material beneath the waste inlet (Cores 47 and 48) would have been disturbed
initially but over time large stratified layers resistant to mixing would have
eventually build up. The Pb and Si rich materials initially settled in the
tank, not being as flocculent or as easily suspended as the ferrocyanide
solids, may have settled out initially near the inlet. Thus the influence of
the waste inlet and outlet locations provides insight to the analyte and waste
profiles between Cores 47 and 49,
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Figure 6-1. Elevation and Plan of Tank 241-C-109.
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Figure 6-2. Waste Profile of Tank 241-C-109.

Not to Scale
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» Dished Bottom: First cycle BiPO, waste or unscavenged uranium
recovery (UR) waste 39,000 L (10,000 gal)

e Tank Layer 1: Scavenged UR and 1C waste 75,000 L (19,800 gal)

« Tank Layer 2: Non-FeCN scavenged, evaporator-processed 1C and CW
waste 65,900 L (17,400 gal)

e Tank Layer 3: Evaporator-processed (CW) ferrocyanide scavenged
waste and Hot Semiworks waste 56,000 L (14,800 gal)

e Supernatant: 17,000 L (4,500 gal).
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The ¥7Cs concentrations vary within a factor of two in the core
composites, which is not surprising given the amount of waste that was
scavenged without ferrocyanide and its dilutive effect. In addition, the
Core 48 waste material appears to be much different in composition than the
other two cores, further contributing to the difference. However, the “'Cs
concentration as a function of depth in Cores 47 and 49 shows profiles
consistent with the wastes believed to be associated with the subsegments; low
37¢s values for unscavenged wastes (1C and HS), higher *’Cs values for
ferrocyanide wastes. The s profile_shows an increasing trend as a
function of depth in both cores. The *°Sr concentration for both cores shows
an extremely skewed concentration profiles as a function of depth, however,
there are no consistentiy high %05y values localized around the pumpout riser,
as seen in tank 241-C-112,, suggesting that the waste buildup in this tank was
not as extensive and the pump did not disturb the waste. The g
concentration is extremely high in the top subsegment and then the
concentration falls dramatically, which corresponds with the historical fill
pattern. The lack of a high %05y concentration in Core 48 suggests that the
sample was obtained from a deeper section of the tank and no surface material
was taken.

The upper subsegments of Cores 47 and 49 have extremely high aluminum
concentrations. The concentrations seen were initially unexpected, until
further investigation revealed that they were evaporator processed 1C and CW
(unscavenged UR waste was expected). These concentrations may be typical for
evaporator-processed cladding wastes that were deposited on top of the
ferrocyanide wastes. Aluminum also shows similar distribution behavior to
*OSy: a high concentration initially that decreases as a function of depth.

It is expected that the bulk of the BiPQ, 1C waste lies below the depth that
can be core sampled through the available risers. However, the phosphorous
and phosphate profiles indicated from the analytical results strongly suggest
first decontamination cycle waste is present.

6.3 CALCULATED BULK INVENTORIES OF SELECTED ANALYTES

Several safety issues are defined by certain bulk amounts or weight
percent of a given analyte. Tables 6-1 through 6-4 present the calculated
bulk amounts of some selected analytes and their weight percent contribution
to the waste matrix. The gross waste inventory in the tank is estimated to be
303,000 kg (284,000 kg wet solid, and 19,000 kg of drainable liquid).

Appendix A presents the data, assumptions, and calculations used to determine
the following values. Estimated volumes, average analyte concentrations, and
density measurements for each hypothesized region were used to develop bulk
inventory values.

The bulk inventory of disodium nickel ferrocyanide in the wet solids is
6,800 g-mol, assuming the calculated inventory of total cyanide is present as
that analyte. Molar ratios for ferrocyanide, nitrate, and nitrite in the wet
solids (assuming this value for ferrocyanide) are 1: 27.2 : 36.4.
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Table 6-1. Energetics Related Analyte Values.

TOC | Total cyanide NO, NO; H,0
Bulk inventory (Mg) | 0.81 1.12 13.1 13.3 122!
Weight percent 0.27 0.37 4.32 4.38 40.22
(total)
Bulk inventory, 0.76 1.10 11.8 11.9 109
wet solids (Mg)
Weight percent 0.27 0.39 4.14 4.19 38.22
(wet solids)

'Water content combines interstitial and free water
(i.e., supernate).
TOC = Total organic carbon.

Table 6-2. Fission Product Inventory.

1jﬁﬁs Nsr
Bulk inventory (Ci) 221,600 269,900
(wet solids)
Heat generation (w) 1,046 1,808

The total heat load of the tank is 2,854 w.
The volumetric heat generation rate for the waste
in the tank based on the solids volume is
1.2 E-02 w/L.

Table 6-3. Plutonium/Americium Inventory.

238p,, B9, %
Bulk Inventory (Ci) - 0.012 232.9 90.9
(wet solids)
Bulk Inventory (g) 7.3 E-04 3,800 26.5
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Table 6-4. ICP Major Element Inventory (From Fusion
Preparation Results).

Al Ca Fe-| Na Ni P Pb Si U

Bulk inventory 19.8 | 5.5 |6.3 |23.9 ] 7.6 5.1 1.1 2.2 2.9
(Mg)

Weight percent 7.0 | 1.9 |2.2 | 8.4 | 2.7 | 1.8 | 0.4 (0.8 1.0
(wet solids)

6.4 COMPARISONS WITH THE BORSHEIM/SIMPSON MODEL ESTIMATES

Calculations of the ™7Cs, nickel, and Fe(CN):" inventories are analytes
appropriate for comparison with the model. Assumptions regarding the tank
used in the calculations for the analytical estimates, and the calculations
themselves, are presented in Appendix A. Table 6-5 presents comparisons of
the calculated values with the original and revised Borsheim/Simpson (1991)
values after scavenging was finished.

Table 6-5. Comparisons of Initial and Revised Borsheim/Simpson Model
Estimates with Values Calculated from Anaiytical Results.

Analyte Borsheim/Simpson Revised Borsheim/Simpson ﬁg:lﬁﬁ;gzg
Retained| Input 1.0 1.5 (from
(retained) vol%| (retained) vol%| Section 6.3)
Ni, moles 30,200 {47,300 77,800’ 77,800° 131,709
68,900

Bfes, kCi 91.1 142.6 142.6 142.6 221.6
(decayed to 1993)
Fe(CN);‘, 30,200 |47,300 47,300 47,300 6,800
moles

'Includes the *°Co scavenging contribution.
Based on an average of the ICP acid leach core composites.

Several assumptions must be made to calculate the tank contents before
making comparisons to the Borsheim/Simpson model predictions for selected
analytes. In addition, several assumptions of that model must be examined
because they affect the original predictions regarding the waste in the tanks.
These assumptions are that (1) 4.25 vol% solids formation occurs (which is
representative of the U Plant materials, but found not to be representative of
the In Farm waste), (2) no additional settling or compaction; (3) negligible
waste transfer (input/output) effects; and (4) transfers after the scavenging
program did not meaningfully affect the condition of the waste. However, at
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the time they were obtained, these data and assumptions were the best
available. As the ferrocyanide program evolived, more and better data became
available.

The development of the model provided some preliminary understanding to
the condition and distribution of the waste in the tank. Generally, the model
gave values that were within t 50 percent of the values calculated from the
analytical results. Where agreement was not good, further investigation found
reasonable sources for the difference. The range of values developed from the
model was adequate for defiging initial conditions and bounding values;
however, for analytes 1ike “°Sr and ferrocyanide itself, further process
history contributed meaningfully to the present inventory in the tank, as
determined from laboratory analysis. While further clarification was provided
by physical and chemical characterization of flowsheet materials and aging and
energetics studies, in this case the flowsheets are only a general guide to
the energetics behavior. There are fundamental differences in the make-up of
TBP waste and 1C and CW wastes. The model functioned well within the
constraints placed on its operation and it remains flexible enough to run
further trials with new parameters, which have been done and are presented in
Appendix A.

As noted previously, the analytical nickel values are biased high,
perhaps as much as 100 percent, q; the use of a nickel crucible in the
ICP fusion assay. In addition, o scavenging was done in several of the
batches that were settled in tank 241-C-109, adding to the nickel inventory
but not contributing to the ferrocyanide content. Approximately 30,500 g-mol
of additional nickel was added to the tank in these process runs. Therefore,
the nickel inventory determined from Borsheim/Simpson {1991) should be
adjusted upwards by that amount to account for the additional nickel, because
the model only accounted for nickel deposited with ferrocyanide. Agreement
between the model values and the analysis-based estimates closes when the
analytical bias is considered and with inventory adjustments from the
cobalt-scavenging contribution. The ICP acid digestion assay values for the
core composites provide concentration values in reasonable agreement with
. calculated estimates but do not provide a profile of the waste, With all of
the caveats associated with it, the nickel assay provides no more than a
bounding condition for the ferrocyanide inventory as well as indicating that
ferrocyanide was {or is) present.

Values for ¥’Cs from Borsheim/Simpson (1991) only loosely bound the
inventories calculated from the analytical results. The calculated inventory
can vary somewhat depending on which core's density and concentration values
are used in the computation. While no overt biases were found in the
analysis, the concentrated nature of some wastes disposed to tank 241-C-109
may have a ">’Cs concentrations high enough to confound inventory estimates
and are biased low.

A large degree of uncertainty is associated with the amount of
ferrocyanide waste that may have been disposed to the cribs. The original
model run had a large amount of solids being discharged, even though the
available records indicate that the discharged effluent had only traces of
suspended solids in it. The model basis of 4.25 volume percent solids was
responsible for this solids Toss, and that percentage has been determined to
be flawed for this waste type. Simulant studies indicate that while
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4.25 volume percent was an accurate simulation of the U Plant scavenging
process, an appropriate solids formation value for the In Farm process

is 1.0 to 1.5 volume percent {Jeppson and Wong 1993). This additional
information is used to develop better model parameters and waste inventory
estimates. A rerun of the model using these new solids formation parameters
gives significantly better agreement.

The ferrocyanide inventory calculated from the total cyanide analysis
remains 6,800 g-mol. The revised model value for the estimated remaining
ferrocyanide of 47,300 g-mol (the estimated total ferrocyanide used in
processing waste through tank 241-C-109) is significantly higher than that
determined from analytical results. This total cyanide measurement, along
with the energetic results, suggests a degradation or aging mechanism of some

type.
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7.0 QUANTITATIVE/STATISTICAL INTERPRETATION OF THE DATA

7.1 INTRODUCTION

This section contains the results of a statistical analysis of data from
three core samples taken from tank 241-C-109. Core 47 consisted of three
subsegments (denoted by B, C, and D), core 48 consisted of two subsegments
(C and D), and core 49 consisted of three subsegments (B, C, and D). The
analytical results from the cores were used to obtain estimates of the mean
concentration of analytes in the waste. In addition, the data was used to
evaluate the Analytical Chemistry Laboratory's ability to homogenize
subsegments and to construct core composite samples. Composite samples for
each core were made from homogenized subsegment waste and a single composite
sample was made from the drainable liquids. Two measurements, the sample and
the duplicate, were taken from each core composite and subsegment aliquot.
For the homogenization test, additional samples and duplicates were taken from
two different locations within a single aliquot.

To reduce the amount of time and effort necessary to perform a meaningful
statistical analysis, a reduced number of analytes of interest were selected.
The analytes of interest from the inductively coupled plasma (ICP) analyses
are aluminum, calcium, iron, sodium, nickel, lead, uranfum, and phosphorous.
The ICP acid digestion and water leach analyses were performed on the
composite core samples. The ICP potassium hydroxide fusion dissolution
analyses were performed on both the subsegments and core composite sampies.
Radiochem1%a1 rg;u!ts for_the coreogomposite samples were reported for
uranium, =°Pu, =°/%%y, cs, and sr- A radiochemistry analysis on the
subsegments was performed only for “‘Cs and Sr. Each subsegment and core
composite sample was analyzed by ion chromatography (IC) for chloride,
nitrite, nitrate, phosphate, and sulfate; total cyanide (CN) was determined
by an independent procedure. In the following tables (and in Appendix C}, the
data are jdentified by the analysis method and the type of sample preparation
(e.g., the notation ICP.acid.Al refers to an ICP analysis, acid digestion for
aluminum). The core composite sample results are contained in Table 7-1. The
subsegment sample results are contained in Table 7-2. The homogenization test
results are contained in Table 7-3. Appendix C contains graphic depictions of
the data for core composite and subsegment samples.

1

A close examination of the data reveal several potential anomalies. The
following core composite sample results were an order of magnitude different
(lower or higher) than other corresponding core composite sample results.

Core 48 ICP.acid.Al
Core 47 ICP.acid.Pb
Core 48 ICP.fusion.Al
Core 49 ICP.fusion.Pb
Core 47 total alpha Pu
Core 47 Pu-239/240.

7-1



WHC-EP-0668

Table 7-1. Core Composite Data (Units ug/g Except Radionuclides pCi/q).

Core 47 48 49
Anaiysis H 2 1 2 1 2
ICP.acid.Al 7.41e404 | 7.16e+04 |6.24e+03| 6.60e+03 | 9.59e+04 | 7.15e+04
ICP.acid.Ca 1.95e+04 | 2.05e+04 |1.44e+04] 1.07e+04 | 1.38e+04 | 1.08e+04
ICP.acid.Fe 3.52e+04 | 2.24e+04 |1.39e+04| 2.65e+04 | 8.39e+03 | 5.90e+03
ICP.acid.Na 8.15e+04 | 8.22e+04 |8.16e+04| 9.35e+04 | 6.58e+04 | 9.68e+04
ICP.acid.Ni 1.46e+04 | 1.49e+04 |1.63e+04| 1.47e+04 | 1.31e+04 | 1.06e+04
ICP.acid.Pb 9.96e+03 | 7.25e+03 |5.86e+02| 6.26e+02 | 9.99e4+02 | 7.28e+02
ICP.acid.U 1.05e+04| 1.10e+04 |1.27e+04| 1.74e+04 | 7.10e+03 | 5.43e+03
ICP.acid.P 1.84e+04 | 1.84e+04 ;1.45e+04| 1.96e+04 | 1.172+04 | 2.71e+04
ICP.fusion.Al |1.15e+05] 1.19e+05 |[7.28e+03| 9.86e+03 | 1.20e+05 | 1.34e+05
ICP.fusion.Ca | 2.44e+04 | 2.492+04 |1.68e+04] 1.85e+04 | 1.4504+04 | 1.52e+04
ICP.fusion.Fe | 2.02e+04 | 2.34e+04 |2.38e+04! 2.06e+04 | 9.27e+03 | 8.94e+03
ICP.fusion.Na {8.71e+04 | 8.72e+04 |1.07e+05| 9.33e+04 | 8.18e+04 | 7.13e+04
ICP.fusion.Pb |7.22e+03 | 7.34e+03 NA NA 8.03e+02 | 8.442+02
LT ICP.fusion.U |8.75e+03| 9.61e+03 [2.78e+04| 2.17e+04 | 5.59e+03 NA
T ICP.fusion.P |[2.02e+04| 1.96e+04 {2.22e+04| 1.82e404 ] 1.77e+04 | 1.14e+04
izf ICP.water.Al |3.36e+02! 4.88e+02 NA NA NA NA
S ICP.water.Ca {1.73e+02| 1.94e+02 |5.93e+01| 5.97e+01 | 8.92e+01 | 6.62e+01
ICP.water.Fe |8.85e+02| 8.72e+02 [1.13e+03] 1.15e+03 | 8.88e+02 | 9.44e+02
ICP.water.Na |6.60e+04| 6.96e+04 |8.92e+04| 7.79e+04 | 5.89e+04 | 6.09e+04
ICP.water.Ni 1.40e+02 | 1.09e+02 |3.34e+01| 2.85e+01 | 5.28e+01 | 5.28e+01
ICP.water.P 6.35e+03 | 7.63e+03 |1.19e+04| 5.46e+03 | 4.42e+03 | 3.90e+03
Chloride 7.00e+02 | 7.00e+02 |8.00e+02| 8.00e+02 | 7.00e+02 | 7.00e+02
Nitrite 3.80e+04 | 4.00e+04 14.20e+04| 4.80e+04 | 3.80e+04 | 3.90e+04
Nitrate 3.70e+04 | 3.70e+04 14 .50e+04| 5.10e+04 | 3.50e+04 | 3.70e+04
Phosphate 2.01e+04 ] 2.40e+04 |3.59e+04| 1.75e+04 | 1.35e+04 | 1.20e+04
Sulfate 7.20e+03 | 8.10e+02 |8.90e+03{ 9.60e+03 | 6.20e+03 | 6.90e+03
Total cyanide {5.60e+03| 5.41e+03 |1.41e+04} 1.46e2+04 | 5.64e+03 | 5.59e+03
U (ng/9) 1.17e+01 | 1.22e+01 [3.00e+01| 2.51e+01 | 7.63e+00 | 7.42e+00
Total alpha 8.05e-01| 9.49e-0]1 |6.95e-02| 6.66e-02 | 6.59e-02 | 9.21e-02
(Pu) 1.05e+03{ 1.30e+03 {1.90e+02| 1.90e+02 | 8.77e+02 | 9.86e+02
Sr-90 4.40e-05 NA 7.15e-06 NA 1.11e-05 NA
Pu-238 8.04e-01| 9.48e-01 |6.95e-02| 6.66e-02 | 6.58e-02 | 9.20e-02
Pu-239/240 9.07e+00| 9.40e+00 |7.95e+00| 1.07e+01 | 5.61e+00 | 4.95e+00
Cs-137/water [8.70e+02| 8.77e+02 [1.11e+03| 9.52e+02 | 5.47e+02 | 5.66e+02
Cs-137/fusion
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Core 47 48 49
Subsegment 8 ¢ D C D B C D
ICP.fusion.Al | 1.24e+05 | 1.20e405 | 3.27e+04 | 7.44e+03 | 9.60e+03 1.81e+05 | 9.75e+04 | 7.35e+04
1.39e+05 | 1.21e+05 | 3.13e+04 | 7.14e+03 | 1.0le+04 1.90e+05 | 9.40e+04 | 6.82e+04
ICP.fusion.Ca | 1.07e+04 | 1.84e+04 | 2.88e+04 | 3.02e+04 | 1.70e+04 5.40e+03 | 1.89e+04 | 2.13e+04
1.02e+04 | 1.77e+04 | 2.72e+04 | 2.84e+04 | 1.66e+04 3.21e+03 | 1.82e+04 | 2.37e+04
ICP.fusion.Fe | 8.25e+04 | 1.54e+04 | 1.71e+04 | 2.28e+04 | 2.27e+04 1.38e+04 | 4.33e+03 | 1.36e+04
4.42e+04 | 2.65e+04 | 1.35e+04 | 1.72e+04 | 1.94e+04 1.74e+04 | 4.82e+03 | 1.72e+04
ICP.fusion.Na | 4.97e+04 | 6.32e+04 | 1.02e+05 | 1.38e+05 | 1.01e+05 4.51e+04 | 6.09e+04 | 9.02e+04
5.24e+04 | 6.29e+04 { 1.04e+05 | 9.33e+04 | 1.03e+05 | 4.10e+04 | 6.48e+04 | 9.25e+04
ICP.fusion.Pb | 5.53e+03 | 2.99e+03 | 1.86e+04 NA 7.24e+02 2.07e+03 NA 6.95e+02
4.57e+03 | 2.78e+03 | 1.00e+04 NA 6.62e+02 1.90e+03 NA 7.62e+02
ICP.fusion.U 1.15e+04 | 6.61e+03 | 6.24e+03 | 1.81e+04 | 1.46e+04 8.66e+03 NA 1.15e+04
1.20e+04 | 5.68e+03 | 5.44e+03 | 1.54e+04 | 1.4]le+04 7.15e+03 NA 1.32e+04
ICP.fusion.P NA 1.26e+04 | 2.90e+04 | 2.62e+04 | 2.02e+04 4.57e+03 | 1.14e+04 | 2.05e+04
7.89e+03 | 1.23e+04 | 3.12e+04 | 2.03e+04 | 2.16e+04 NA 1.16e+04 | 2.03e+04
Chloride 5.00e+02 | 7.00e+02 | 8.00e+02 | 1.00e+03 | 1.00e+03 5.00e+02 | 8.00e+02 | 8.00e+02
6.00e+02 | 7.00e+02 | 7.00e+02 | 9.00e+02 | 1.00e+03 5.00e+02 | 8.00e+02 | 8.00e+02
Nitrite 2.70e+04 | 3.70e+04 | 4.00e+04 | 4.90e+04 | 4.90e+04 2.58e+04 | 4.20e+04 | 4.60e+04
2.88e+04 | 3.70e+04 | 3.90e+04 | 5.30e+04 | 5.00e+04 2.71e+04 | 4.50e+04 | 4.40e+04
Nitrate 2.69e+04 | 3.60e+04 | 3.90e+04 | 5.50e+04 | 5.20e+04 2.52e+04 | 4.00e+04 | 4.40e+04
2.83e+04 | 3.60e+04 | 3.80e+04 | 5.70e+04 | 5.50e+04 2.62e+04 | 4.40e+04 | 4.20e+04
Phosphate 7.10e403 | 9.60e+03 | 3.40e+04 | 1.50e+04 | 3.80e+04 6.00e+03 | 8.90e+03 | 2.43e+04
7.50e403 | 9.50e+03 | 5.50e+04 | 1.65e+04 | 3.40e+04 6.20e+03 | 8.70e403 | 2.60e+04
Sulfate 4.90e+03 | 7.10e+03 | 7.60e+03 { 1.08e+04 | 1.00e+04 4.50e+03 | 7.90e+03 { 7.90e+03
5.20e+03 | 7.10e+03 | 7.10e+03 | 1.12e+04 | 1.00e+04 | 4.80e+03 | 8.40e+03 | 8.30e+03
Total cyanide | 3.05e+03 | 4.49e+03 | 5.83e+03 | 1.10e+04 | 8.60e+03 3.50e+03 | 8.14e+03 | 5.61e+03
3.03e+03 | 4.23e+03 | 5.82e+03 | 1.15e+04 | 8.71e+03 | 3.57e+03 | 8.02e+03 | 5.43e+03
Sr-90. fusion 4.60e+03 | 4.56e+02 | 2.31e+02 | 1.59e+02 | 1.27e+02 2.56e+03 | 2.02e+02 | 1.88e+02
4,51e+03 | 4.82e+02 | 1.99e+02 | 1.44e+02 | 1.14e+02 2.23e+03 ] 1.89e+02 | 1.97e+02
Cs-137.fusion | 3.17e+02 | 8.12e+02 | 9.71e+02 | 1.17e+03 | 1.22e+03 1.21e+02 | 5.53e+02 | 6.60e+02
3.57e402 | 7.31e+02 | 9.23e+02 | 1.14e+03 | 1.11e+03 1.15e402 | 1.44e+02 | 7.43e+02
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Table 7-3. Homogenization Test Data {Units pg/g Except
Radionuclides uCi/g).

Core 48 49
Subsegment D D D D
Location 1 2 1 2

ICP.acid.Al 8.73e+03 9.45e+03 3.94e+04 4,18e+04
7.89e+03 8.84e+03 4 _66e+04 4.68e+04
ICP.acid.Ca 1.53e+04 1.73e+04 1.46e+04 1.69e+04
1.42e+04 1.56e+04 1.94e+04 1.87e+04
ICP.acid.Fe 2.38e+04 1.78e+04 8.85%e+03 9.05e+03
1.37e+04 1.68e+04 1.15e+04 1.12e+04
- ICP.acid.Na 1.16e+05 9.93e+04 1.16e+05 8.80e+04
o 1.21e+05 1.06e+05 8.66e+04 8.01e+04
- ICP.acid.Ni 1.71e+04 | 1.94e+04 1.19e+04 1.29e+04
et 1.56e+04 1.74e+04 1.56e+04 1.48e+04
5;; ICP.acid.Pb 6.17e+02 7.23e+02 4.85e+02 5.08e+02
- 5.68e+02 6.45e+02 6.70e+02 6.16e+02
ICP.acid.U 1.54e+04 1.74e+04 9.71e+03 1.00e+04
: 1.45e+04 1.55e+04 1.34e+04 1.21e+04
ICP.acid.P 2.69e+04 1.96e+04 3.23e+04 2.09%e+04
3.08e+04 2.29%9e+04 1.86e+04 1.75e+04
ICP.fusion.Al NA NA 6.17e+04 5.31e+04
NA NA 6.30e+04 5.59e+04
ICP.fusion.Ca NA NA 2.17e+04 2.14e+04
NA " NA 2.22e+04 2.17e+04
ICP.fusion.Fe NA NA 1.37e+04 1.28e+04
NA NA 1.44e+04 1.28e+04
ICP.fusion.Na NA NA 9.08e+04 9.02e+04
NA NA 9.05e+04 8.92e+04

ICP.fusion.Ni NA NA N/A N/A

NA NA N/A N/A
ICP.fusion.Pb NA NA 6.25e+02 6.46e+02
NA NA 7.45e+02 6.50e+02
ICP.fusion.U NA NA 1.23e+04 "1.08e+04
NA NA 1.31e+04 1.18e+04
ICP.fusion.P NA NA 1.87e+04 1.95e+04
NA NA 1.91e+04 1.86e+04
Cs-137.fusion NA NA 7.13e+02 6.96e+02
NA NA 7.50e+02 7.00e+02
Cs-137.acid 8.52e+00 8.81e+00 3.54e+01 1.93e+01
1.66e+01 1.43e+01 4,34e+01 2.74e+01
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Core 47 subsegment 1B results for ICP.fusion.Fe is at least twice as
large as its duplicate and all other subsegment data for this anaiyte.

The following subsegments were different by an order of magnitude (lower
or higher) than other corresponding subsegment results.

Core 48 subsegments 1C and 1D for ICP.fus.Al
e (Core 47 and 48 subsegment 1B for fusion.Sr-90.

There is no direct evidence that the results noted above are because of
analytical measurement errors. Consequently, the statistical analysis was
performed on the data as it is reported in Tables 7-1, 7-2, and 7-3.

7.2 MEAN CONCENTRATION ESTIMATES

One objective of the characterization effort was to estimate the analyte
concentrations in the waste. This task was accomplished by computing the mean
concentrations and 95 percent confidence intervais (CIs) on the mean
concentrations. The estimated inventory and CI on the inventory of an analyte
are the corresponding mean concentration estimates and CI multiplied by the
volume of waste in the tank. Bulk inventory estimates based on these values
are not given in this document. Table 7-1 contains the core composite data
used to compute the mean concentration estimates and the CIs. The NA symbol
indicates that the data were not available. Results for “ Pu were not
included in any computations because there were no duplicate measurements.

The concentration estimates are given in the form of 95 percent CIs on
the mean concentration. It is assumed that each sample and duplicate is
analyzed independently of one another. The two analytical results are used to
estimate the analytical measurement error. Because of the hierarchical
structure of the data, the analytical measurement error (variance) alone is
not the appropriate error term to use in computing the CIs. A linear
combination of the analytical measurement variance and spatial variance is the
appropriate variance of the mean for the CIs. The variance of the mean is
obtained from the analysis of variance (ANOVA) corresponding to the model.

The formulas used to calculate these CIs are given in Jensen and

Whitcher (1993). Table 7-4 contains the summary statistics, by analyte, for
ICP acid digestion, ICP water leach, ICP KOH\Ni fusion dissolution, :
radiochemistry, and IC analyses. '

Table 7-5 contains the summary statistics for the drainable Tiquid'
composite sample. The summary statistics are as follows.

y = Arithmetic mean of the concentration data.
(¥) = Estimated variance of ¥

df = Degrees of freedom associated with BMS
Lower 1imit to the 95 percent CI on the mean
Upper limit to the 95 percent CI on the mean

95% LL
95% UL

For some analytes, the lower confidence Timit (95% LL) was negative.
Because concentrations are strictly greater than or equal to zero, any
negative 95 percent LL values were set equal to zero.
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The estimated variance of the mean [62(y)] is very large relative to the
mean for most of the analytes. One cause is the large differences between
core composite sampies; i.e., the large spatial variability. In Section 7.6,
the analytical resuits from the core composite samples are compared to
determine if there are significant differences between cores. A similar
comparison is also made between the subsegments within each core.

Table 7-4. Concentration Estimate Statistics
(Units pug/g Except Radionuclide uCi/g).

Analyte y 62(Y) df 95% Lower 95% Upper

, limit limit
ICP.acid.Al 5.43e+04 5.84e+08 2 0.00e+00 1.58e+05
ICP.acid.Ca 1.50e+04 6.38e+06 2 -4.,10e+03 2.58e+04
ICP.acid.Fe 1.87e+04 3.96e+07 2 0.00e+00 4,58e+04
ICP.acid.Na 8.36e+04 4.02e+06 2 7.49e+04 9,22e+04
: ICP.acid.Ni 1.40e+04 1.23e+06 2 9.27e+03 1.88e+04
L ICP.acid.Pb 3.36e+03 6.89e+06 2 0.00e+00 1.47e+04
— ICP.acid.U 1.07e+04 6.40e+06 2 0.00e+00 2.16e+04
e ICP.acid.P 1.83e+04 4.73e+05 2 1.53e+04 2.13e+04
o ICP.fus.Al 8.40e+04 1.43e+09 2 0.00e+00 2.47e+05
ICP.fus.Ca 1.91e+04 8.50e+06 2 6.52e+03 3.16e+04
ICP.fus.Fe 1.77e+04 1.85e+07 2 0.00e+00 3.62e+04
ICP.fus.Na 8.79%e+04 4.64e+07 2 ~ 5.86e+04 1.17e+05
ICP. fus.Pb 4.05e+03 1.04e+07 1 0.00e+00 4.51e+04
ICP.fus.U 1.47e+04 3.72e407 2 0.00e+400 4.09e+04
ICP.fus.P 1.82e+04 3.29e+06 2 1.04e+04 2.60e+04
ICP.water.Ca 1.07e+02 1.49e+03 2 0.00e+00 2.73e+02
ICP.water.Fe 9.78e+02 6.61e+03 2 6.28e+02 1.33e+03
ICP.water.Na 7.04e+04 4.82e+07 2 4.05e+04 1.00e+05
ICP.water.Ni 6.94e+01 7.98e+02 2 0.00e+00 1.91e+02
ICP.water.P 6.61e+03 1.74e+406 2 9.31e+02 1.23e+04
Chloride 7.33e+02 1.11e+03 2 5.90e+02 8.77e+02
Nitrite 4.08e+04 4.36e+06 2 3.18e+04 4.98e+04
Nitrate 4.03e+04 1.48e+07 2 2.38e+04 5.69e+04
Phosphate 2.05e+04 1.68e+07 2 2.85e+03 3.81e+04
Sulphate 7.70e+03 6.48e+05 2 4.24e+03 1.12e+04
Total cyanide 8.46e+03 8.39e+06 2 0.00e+00 2.09e+04
U (ug/9) 1.57e+01 3.6%e+01 2 0.00e+00 4.18e+01
Tot.Alpha.Pu 3.41e-01 7.17e-02 2 0.00e+00 1.49%e+00
Sr-90 7.66e+02 8.77e+04 -2 0.00e+00 2.04e+03
Pu-239/240 3.41e-01 7.16e-02 2 0.00e+00 1.49e+00
Cs-137.water 7.95e+00 1.78e+00 2 2.21e+00 1.37e+01
Cs-137.fusion 8.20e+02 1.95e+04 2 2.20e+02 1.42e+03
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Table 7-5. Concentration Estimates Statistics,
Drainable Liquid, (Units pg/g).
- 2, Degrees of | 95% Lower | 95% Upper
Analyte y 6°() | “freedom | 1imit limit

ICP.acid.Al 1.57e+02 1.50e+01 1 1.08e+02 2.06e+02
ICP.acid.Ca 2.09e+02 1.74e401 1 1.56e+02 2.62e+02
ICP.acid.Fe 1.67e+03 5.56e+02 1 1.38e+03 1.97e+03
ICP.acid.Na 9.69e+04 2.66e+01 | 9.6%e+04 9.70e+04
ICP.acid.Ni 3.44e+02 1.03e+01 1 3.03e+02 3.84e+02
ICP.acid.Pb NA NA NA 0.00 0.00
ICP.acid.U NA NA NA 0.00 0.00
ICP.acid.P 4,20e+03 9.65e+02 1 3.80e+03 4.59%e+03
Chloride 1.30e+03 NA NA NA NA
Nitrite 7.10e+04 NA NA NA NA
Nitrate 7.20e+04 NA NA NA NA
Phosphate 1.35e+04 NA NA NA NA
Sulphate 1.28e+04 NA NA NA NA

7.3 HOMOGENIZATION TEST

Another task in the characterization effort was to evaluate the ability
of the Analytical Chemistry Laboratory to homogenize subsegments. Subsegment
D, from Cores 47, 48, and 49, was homogenized and arbitrarily divided into two
parts. One subsample was obtained from each part. Two aliquets were taken
from each subsample and prepared for chemical analysis. The homogenization
test data is given in Table 7-3. [ICP acid digestion and fusion dissolution
analyses were conducted on the samples for the féllowing analytes: aluminum,
iron, sodium, nickel, lead, uranium, and phosphorus. Acid digestion and
fusion dissolution results were also reported for ¥,

Because of the nested structure (subsamples within segments, aliquots
within subsamples) within the data, a hierarchical statistical model was fit
to the data. A description of this type of model is contained in Snedecor and
Cochran (1980). Such a model is used to estimate different components of
variability in the data. The total variability in the data is decoupled into
three components; one because of variability between subsegments, one because
of the variability between samples taken from different locations on each
homogenized subsegment [6%(L)], and one because of the analytical measurement
error[c°(A)]. The analytical measurement error accounts for the differences
between aliquots taken from the same iocation.

To quantify the contribution of aZ(L) (the component of variability
because of location or homogenization), the ANOVA corresponding to the
hierarchical model is used. From the ANOVA, a test is constructed to
determine if o*(L) is significantly different from zero. If o®(L) is
significantly different from zero, then the laboratory does not have the
ability to homogenize subsegments. If o%(L) is not significantly different
from zero, then the laboratory has the ability to homogenize core segments.
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The reason underlying this test is that if az(L)=0, then the mean
concentrations at the twe locations are equal, i.e., there is no difference
between the lecations.

The F-test is used to determine whether or not UZ(L) is significantly
different from zero. The p-values (the attained level of significance) from
these tests are given in Table 7-6. If the p-value is smaller than 0.05, then
o®(L) is significantly different from zero. In all but one case (ICP.fus.Al),
the p-values are greater than 0.05. This indicates that except for this
analyte, o°(L)} is not significantly different from zero. Based on the results
of this statistical test, it can be concluded that the Analytical Chemistry
taboratory can adequately homogenize core segments. However, it needs to be
noted that there is no reference value available to check the degree of
homogenization. That is, the differences between the results from the two
Tocations must be within two percent of each other. If such a value were
available, the conclusions in this section may not be valid.

Table 7-6. Homogenization Test Statistical Results.
Test: o(L)=0 p-value
Analyte[Aluminum{Calcium| Iron | Sodium {Nickel| Lead {Uranium|Phosphorus Bes
Acid 0.890 | 0.649 |0.922| 0.229 | 0.551 |0.572| 0.667 0.290 0.214
Fusion 0.036 0.389 |0.072] 0.216 NA |0.606] 0.164 0.706 0.092

7.4 COMPARISON WITH A SIMULATED CORE COMPOSITE MEAN

The ability of the Analytical Chemistry Laboratory to make core composite
samples from the individual subsegment samples was also evaluated. Core
composite samples were formed by combining aliquots from each homogenized

subsegment in the core.

sample.

Each subsegment is weighted equally in the composite
Each core composite sample was homogenized, and a sample and
A simulated core composite (SCC) was

- duplicate value were obtained.

statistically constructed to compare to the corresponding core composite
For each analyte and each core, the SCCs are the average of

sample results.
the subsegment results.

used because y{w) is generally a weighted mean.

weights are all equal.

This mean or average is denoted by ¥{w).
However, in this case the

The w is

For each core, the comparison between the core composite and the SCC is
made by computing a CI on the difference between the SCC and the mean of the
If zero is in the CI, then the laboratory can construct
core composite samples satisfactorily (i.e., the SCC cannot be statistically
distinguished from the core composite sample mean).
then the laboratory cannot satisfactorily construct core composites (i.e., the

composite sample.
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two means are significantly different). The CI for this difference is
(LL, UL) where the lower limit (LL) and upper Timit (UL) values are

LL = [F(w) ()] - YO [F (W) F(c)] » UL = [F(w)F(c)] + HE2[F(w) F(c)]

where:

y(c) = Mean of the two core composite sample results
t = Percentile point from student's t distribution
o2[§(w)-7(c)] = Is the estimated variance of the difference.

Appendix C out;;nes the method used to calculate 8°[F(w)-¥(c)]. The
estimated variance 6“[¥(w)-y(c)] was calculated using the data from all three
cores because of the limited information available. The degrees of freedom
(df) associated with t were calculated using Satterthwaite's approximation
(Snedecor and Cochran 1980). In the above equations, ¥(w) and ¥(c) should
have a subscript indicating the core. To simplify the notation, the subscript
was omitted.

Table 7-7 contains summary statistics for all three cores, including the
95 percent CI interval (LL, UL) on the difference between the SCC mean and the
core composite mean. A1l of the CIs on this difference contain zero. This
indicates that there is no significant difference between the two means
(i.e., the Analytical Chemistry Laboratory can construct a core composite
sampie from material similar to cores 47, 48, and 49). Note that the CIs on
the difference between the two means tends to be rather wide; i.e., LL = -10°
or -10* and UL = +10° or +10°. The reason for this extreme width is the
magnitude of the estimated variance 8°[7(w)-¥(c)] and the small number of df.
Because the variance is large, the two means would have to be extremely
different before zero is not in the CI.

7.5 THE SPATIAL VARIANCE AND ANALYTICAL MEASUREMENT VARIANCE

Using the hierarchical structure of the core composite data, the spatial
variance and the analytical measurement variance can be separated from each
other. The spatial variance is a measure of the variability between cores.
The analytical measurement variance includes among other things, the segment
homogenization error, the sample handling error, and the chemical analysis
error. This variance is a function of the difference between the analytical
resuits on the sample and duplicate values.

The size of the analytical measurement variance and the spatial variance,
along with the df, determines the width of the CIs. The estimate of the
variance of the mean is a linear function of the spatial and analytical
measurement variances. To help judge the magnitude of these two variance
components, this section contains explicit estimates ofagach variance and Cls
for each variance. Estimates of the spatial variance [§°(S)] and analytical
measurement variance [8°(A)] were obtained for each analyte using the
Restricted Maximum Likelihood Estimation. This method is discussed in further
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Table 7-7. Comparison of Simulated Core Composite with the Core Composite.

o G 82y (w)- Degrees | g5e Lower 95%

Core Anaiyte ¥(w) ¥(c) o of M Upper

: y(c)] freedom Timit limit
47 |ICP.fus.Al 9.46e+04 |1.17e+05] 5.79e+09 3 ~-2.64e+05 | 2.20e+05
ICP.fus.Ca 1.88e+04 |2.47e+04| 4.75e+07 6 -2.27e+04 | 1.10e+04
ICP.fus.Fe 3.32e+04 j2.18e+04| 1.60e+08 8 -1.77e+04 | 4.05e+04
ICP.fus.Na 7.23e+04 i8.72e+04| 4.08e+08 7 -6.27e+04 | 3.29e+04
ICP.fus.Pb 7.41e+03 {7.28e+03| 3.00e+07 2 -2.34e+04 | 2.37e+04
ICP. fus.U 7.92e+03 19.04e+03| 1.15e+08 2 -4.72e+04 | 4.50e+04
ICP.fus.P 1.68e+04 {1.99e+04| 3.41e+07 9 -1.63e+04 | 1.02e+04
Chloride 6.67e+02 |7.00e+02| 1.50e+04 5 -3.48e+02 | 2.81e+02
INitrite 3.48e+04 |3.90e+04| 4.40e+07 7 ~1.99e+04 | 1.15e+04
Nitrate 3.40e+04 |3.70e+04| 9.11e+07 5 -2.75e+04 | 2.16e+04
Phosphate 2.05e+04 |2.21e+04| 1.16e+08 7 -2.71e+04 | 2.3%e+04
Sulfate 6.50e+03 |7.30e+03| 3.80e+06 5 -5.81e+03 | 4.21e+03
Total cyanide|4.41e+03 |5.51e+03| 2.89e+07 2 -2.42e+04 | 2.20e+04
Sr-90 1.75e+03 |1.18e+03| 1.09e+06 9 -1.79e+03 | 2.93e+03
Cs-137.fus 6.85e+02 |8.74e+02] 1.1%e+05 5 -1.07e+03 ] 6.98e+02
48 |ICP.fus.Al  |8.56e+03 |8.57e+03]6.53e+09 4 -2.242+05] 2.24e+05
ICP.fus.Ca 2.30e+04 |{1.77e+04] 5.84e+07 7 -1.27e+04 | 2.35e+04
ICP.fus.Fe 2.05e+04 [2.22e+04| 2.12e+08 8 -3.52e+04 | 3.18e+04
ICP.fus.Na 1.09e+05 |1.00e+05| 5.42e+08 7 -4.62e+04 | 6.39e+04

ICP.fus.Pb 6.93e+02 NA 4.83e+07 NA NA NA

ICP.fus.U 1.55e+04 |2.47e+04| 1.18e+08 2 -5.60e+04 | 3.76e+04
ICP.fus.P 2.21e+04 |2.02e+04| 4.63e+07 9 -1.35e+04 | 1.73e+04
Chloride 9.75e+02 [8.00e+02| 2.08e+04 5 -1.96e+02 | 5.46e+02
Nitrite 5.03e+04 (4.50e+04| 5.95e+07 6 -1.36e+04 | 2.41e+04
Nitrate 5.48e+04 (4.80e+04| 1.15e+08 5 -2.08e+04 | 3.43e+04
Phosphate 2.59e+04 (2.67e+04| 1.49e+08 8 -2.90e+04 | 2.73e+04
Sulfate 1.05e+04 |9.25e+03| 4.73e+06 5 -4.34e+03 | 6.84e+03
Total cyanide| 9.95e+03 [1.44e+04| 3.05e+07 3 -2.20e+04 | 1.32e+04
Sr-90 1.36e+02 {1.90e+02] 1.50e+06 9 -2.82e+03 | 2.72e+03
Cs-137.fus 1.16e+03 11.03e+03| 1.49e+05 5 -8.64e+02 | 1.12e+03
49 JICP.fus.Al 1.17e+05|1.27e+05| 5.79%e+09 3 -2.51e+05 | 2.33e+05
ICP.fus,Ca 1.51e+04 |1.49e+04| 4.75e+07 6 -1.66e+04 ] 1.71e+04
ICP.fus.Fe 1.19e+04 |9.10e+03| 1.60e+08 8 -2.64e+04 | 3.19e+04
ICP.fus.Na 6.58e+04 |7.65e+04| 4.08e+08 7 -5.85e+04 | 3.70e+04
ICP.fus.Pb 1.36e+03 |8.23e+02| 3.45e+07 3 -1.82e+04 | 1.92e+04
ICP.fus.U 1.24e+04 {5.5%+03} 1.18e+08 2 ~4.00e+04 | 5.36e+04
ICP.fus.P 1.21e+04 {1.46e+04; 3.41e+07 9 -1.57e+04 | 1.08e+04
Chloride 7.00e+02 |7.00e+02] 1.50e+04 5 -3.14e+02 | 3.14e+02
Nitrite 3.83e+04 |3.85e+04( 4.40e+07 7 ~1.59e+04 | 1.55e+04
Nitrate 3.69e+04 |3.60e+04| 9.11e+07 5 -2.36e+04 | 2.54e+04
Phosphate 1.34e+04 |1.28e+04| 1. 16e+08 7 -2.49e+04 | 2.61e+04
Sulfate 6.97e+03 {6.55e+03| 3.80e+06 5 -4.59e+03 | 5.43e+03
Total cyanide|5.71e+03 {5.62e+03| 2.89e+07 2 -2.30e+04 | 2.32e+04
Sr-90 9.28e+02 |9.32e+02]| 1.09e+06 9 -2.36e+03 | 2.36e+03
Cs-137.fus 3.89e+02 |5.57e+02] 1.19e+05 5 -1.05e+03 | 7.19e+02

df = Degrees of freedom.
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detail in Harville (1977). In additjon, general methods have been outlined
that can be used to obtain CIs for 62(5) and &Z(A) (Snedecor and

Cochran 1980). These CI techniques are the methods used in this document.
The CI for 6°(S) is approximate, however the CI for 62(A) is exact.

Tables 7-8 and 7-9 contain estimates of the variance components and their
95 percent CIs. For 85 percent of the analytes (28 out of 33), the estimates
of spatial variance are larger than those for the analytical error. This
large spatial variability contributes to the extreme width of the CI for the
mean concentrations and the CI on the difference between the mathematically-
derived core composite and the actual core composite sample.

7.6 MULTIPLE COMPARISONS: CORE COMPOSITE
SAMPLES AND SUBSEGMENT SAMPLES

A group of statistical methods known as multiple comparisons can be used
to determine whether or not there are significant differences between core
composite samples and between subsegment samples. These differences will help
determine the heterogeneity or layers within the waste. In addition, if
significant differences exist between the core composite samples or the
subsegment samples, this will help explain the extreme width of the Cls; i.e.,
it will help explain the large spatial variability. The multiple comparison
procedure known as Tukey's Honestly Significant Difference (HSD)

(Petersen 1985) was used. The HSD procedure determines if there are
significant differences between core composite samples and between subsegment
sampies. The core composite samples and subsegment samples that are not
significantly different from each other can then be grouped together.

For each analyte, HSD comparisons were made between the means of the core
composite samples. These comparisons, aleng with the means for each core
composite sample, are contained in Table 7-10. The symbols @ and B are used
to indicate groupings. The means of core composite samples with the same
symbol cannot be statistically distinguished from each other. Core composite
samples with different symbols are significantly different from each other.
For a given analyte, the core composite samples with an « have a smaller mean
concentration that the core composite samples with a B. A dash indicates that
no data were available. The HSD comparisons are not based on the spatial
variance. They are however, a function of the analytical measurement
variance.

From Table 7-10, it is evident that the mean concentration of 12 out of
31 (39 percent) analytes are not significantly different between the cores.
That is, for these analytes there is no evidence of heterogeneity within the
waste. For the remaining 19 (61 percent) analytes there is a significant
difference between the mean concentrations. This indicates significant
heterogeneity or spatial variability within the waste. These significant
differences inflate the between core variance (spatial variance). This
inflated variance helps explain why the CIs are so wide.
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Table 7-8. 95 Percent Confidence Interval on o®(A),
Analytical Error Variance.

22 degrees of | 95% Lower | 95% Upper
Analyte a°(A) freedom Timit limit

ICP.acid. A}l 1.00e+08 3 3.21e+07 1.39e+09
ICP.acid.Ca 3.91e+06 3 1.25e+06 5.43e+07
ICP.acid.Fe 5.45e+07 3 1.75e+07 7.57e+08
ICP.acid.Na 1.20e+08 3 5.89e+07 2.55e+09
ICP.acid.Ni 1.47e+06 3 4,72e+05 2.04e+07
ICP.acid.Pb 1.23e+06 3 3.96e+05 1.71e+07
ICP.acid.U 4.18e+06 3 1.34e+06 5.81e+07
ICP.acid.P 2.75e+Q7 3 1.41e+07 6.09e+08
ICP. fus.Al 3.71e+07 3 1.19e+07 5.15e+08
ICP.fus.Ca 6.47e+05 3 2.08e+05 8.98e+06
ICP.fus.Fe 3.38e+06 3 1.08e+06 4.70e+07
[CP. fus.Na 4,97e+07 3 1.5%e+07 6.90e+08
ICP.fus.Pb 3.71e+03 ? 1.00e+03 1.47e+05
ICP.fus.U 9.45e+06 2 2.57e+06 3.74e+08
ICP.fus.P 9.43e+06 3 3.03e+06 1.31e+08
ICP.water.Ca 1.67e+02 3 5.35e+01 2.32e+03
I1CP.water.Fe 6.20e+02 3 1.99e+02 8.62e+03
ICP.water.Na 2.40e+07 3 7.70e+06 3.33e+08
ICP.water.Ni 1.66e+02 3 5.33e+01 2.31e+03
ICP.water.P 7.27e+06 3 2.33e+06 1.01e+08
Chloride 0.00 3 0.00 0.00
Nitrite 6.83e+06 3 2.19e406 9.49e+07
Nitrate 6.67e+06 3 2.14e+06 9.26e+07
Phosphate 5.93e+07 3 1.90e+07 8.24e+08
Sulphate 1.70e+05 3 5.45e+04 2.36e+06
Total cyanide 2.14e+04 3 6.88e+03 2.98e+05
U (rg/q9) 4.05e+00 - 3 1.30e+00 5.63e+01
Tot.Alpha.Pu 3.57e-03 3 1.15e-03 4.96e-02
Sr-90 1.24e+04 3 3.98e+03 1.72e+05
Pu-239/240 3.57e-03 3 1.15e-03 4.96e-02
Cs-137 .water 1.35e+00 3 4.34e-01 1.88e+01
Cs-137.fusion 4.23e+03 3 1.36e+03 5.87e+04
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Table 7-9. 95 Percent Confidence Interval on ¢?(S),
Spatial Variance.

matie | 025 |99re o pevatue | 95, Lover [ 95K toper
ICP.acid.Al 1.70e+09 2 0.008 2.57e+08 6.91e+10
ICP.acid.Ca 1.72e+07 2 0.048 0.00 7.54e+08
ICP.acid.Fe 9.14e+07 2 0.130 0.00 4.66e+09
ICP.acid.Na 0.00 2 0.882 0.00 3.84e+08
ICP.acid.Ni 2.95e+06 2 0.110 0.00 1.45e+08
ICP.acid.Pb 2.00e+07 2 0.009 2.92e+06 8.16e+08
ICP.acid.U 1.71e+07 2 0.053 0.00 7.57e+08
ICP.acid.P 0.00 2 0.939 0.00 3.40e+07
ICP.fus.Al 4.27e+09 2 0.001 1.08e+09 1.69e+11
ICP.fus.Ca 2.52e+07 2 0.003 5.50e+06 1.0le+09
ICP.fus.Fe 5.39e+07 2 0.009 7.73e+06 2.19e+09
ICP. fus.Na 1.14e+08 2 0.097 0.00 5.48e+09
ICP.fus.Pb 2.08e+07 1 0.000 4.13e+06 2.13e+10
ICP.fus.U 9.80e+07 2 0.052 0.00 4.26e+09
ICP.fus.P 5.16e+06 2 0.270 0.00 3.85e+08
ICP.water.Ca 4.40e+03 2 0.004 8.52e+02 1.77e+05
ICP.water.Fe 1.95e+04 2 0.003 4.03e+03 7.83e+05
ICP.water.Na 1.32e+08 2 0.037 0.00 5.70e+09
ICP.water.Ni 2.31e+03 2 0.011 2.89%e+02 9.45e+04
ICP.water.P 1.60e+06 2 0.364 0.00 2.03e+08
Chloride 3.33e+03 2 0.000 9.03e+02 1.32e+05
Nitrite 9.67e+06 2 0.149 0.00 5.13e+08
Nitrate 4.10e+07 2 0.032 0.00 1.75e+09
Phosphate 2.08e+07 2 0.321 0.00 1.96e+09
Sulphate _ 1.86e+06 2 0.015 1.58e+05 7.66e+07
Total cyanide 2.52e+07 2 0.000 6.78e+06 9.94e+08
U (ug/9) 1:09e+02 2 0.004 2.12e+401 4.37e+03
Tot.Alpha.Pu 2.13e-01 2 0.001 5.06e-02 8.50e+00
Sr-90 ‘ 2.57e+05 2 0.006 4.450+04 1.04e407
Pu-239/240 2.13e-01 2 0.001 5.04e-02 8.48e+00
Cs-137 .water 4.66e+00 2 . 0.064 0.00 2.10e+02
Cs-137.fusion 5.63e+04 2 0.012 6.66e+03 2.30e+06
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Table 7-10. Tukey's HSD Multiple Comparisons, Core Composite Data
(Units pg/g Except Radionuclides uCi/g)}.

Group Mean
RSD
Core 18 | 49 47 48 49

ICP.acid.Al .3e+04 6.4e+03 8.4e+04 18%
ICP.acid.Ca .0e+04 1.3e+04 1.2e+04 13%
ICP.acid.Fe .9e+04 2.0e+04 7.1e+03 39%
ICP.acid.Na .2e+04 8.8e+04 8.1e+04 16%
ICP.acid.Ni .be+04 1.6e+04 1.2e+04 9%
ICP.acid.Pb .6e+03 6.1e+02 8.6e+02 33%
ICP.acid.U .le+04 1.5e+04 6.3e+03 19%
ICP.acid.P .8e+04 1.7e+04 1.9e4+04 36%
ICP. fus.Al .2e+05 | 8.6e+03 1.3e+05 7%
ot ICP.fus.Ca .5e+04 1.8e+04 1.5e+04 4%
ICP.fus.Fe .2e+04 2.2e+04 9.1e+03 10%
ICP.fus.Na .7e+04 1.0e+05 7.7e+04 8%
1CP.fus.Pb .3e+03 NA 8.2e+02 1%
ICP.fus.U .2e+03 2.5e+04 2.8e+03 28%
1CP.fus.P .De+04 2.0e+04 1.5e+04 17%
ICP.water.Ca .8e+02 6.0e+01 7.8e+01 12%
ICP.water.Fe .8e+02 1.1e+03 9.2e+02 3%

.8e+04 8.4e+04 6.0e+04 7%
.2e+02 3.1e+01 5.3e+01] 19%

ICP.water.Na
ICP.water.Ni

ICP.water.P .0e+03 8.7e+03 4.2e+03 41%
Chloride .0e+02 8.0e+02 7.0e+02 0%
Nitrite .9e+04 4.5e+04 3.9e+04 6%
Nitrate .7e+04 4.8e+04 3.6e+04 6%
Phosphate .2e+04 2.7e+04 1.3e+04 38%
Sulphate .3e+03 9.3e+03 6.6e+03 5%
Total cyanide .8e+03 2.1e+02 2.8e+03 167%
U{ug/q) .2e+01 2.8e+01 7.5e+00 13%
Tot.Alpha.Pu .8e-01 6.8e-02 7.9e-02 18%
Sr-90 .2e+03 1.9e+02 9.3e+02 15%

Cs-137.water .2e+00 9.3e+00 5.3e+00 15%
Cs-137.fusion .7e+02 1.0e+03 5.6e+02 8%

RSD = Relative standard deviation.
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Examples of the interpretation of the HSD comparisons are as follows.
In Table 7-10, aluminum (ICP.acid) has an a for core 48 and a B for core 47
and 49. That is, the mean concentration of aluminum in core 48 is
significantly different from the mean concentration in core 47 and 48. The
mean concentration of aluminum in core 47 and 49 cannot be distinguished from
each other. Another example is uranium (ICP.acid). 1In Tabie 7-10, core 48
has a B, core 49 has an a, and core 47 has an aB. That is, the mean
concentration of uranium for core 48 is significantly different from the mean
concentration in core 49. Core 47 has both symbols a and B. Thus, the mean
concentration of uranium is not significantly different from the mean
concentration in core 48 and it is not significantly different from the mean
concentration in core 49.

7-14



WHC-EP-0668

There were three subsegment samplies from cores 47 and 49 (denoted by B,
C, and D) and two from core 48 (denoted by C and D). The relative location of
the subsegments are given in the Table 7-11.

Table 7-11. Subsegment Assignment for Tukey's HSD.
Core 47 48 49
Subsegment

low Rap Nws
oo
oo

Tukey's HSD procedure was also used to make comparisons between the
individual subsegment means. These comparisons, along with subsegment means,
are given in Table 7-12. For a given analyte, the relative locations of the
subsegments have the form given in the above table. The symbols used to
denote groupings of means concentrations are «, 6, v, 6, ¢, and ¢. A dash
indicates that no data were available. The interpretation and ranking of the
groupings are identical to that given for Table 7-10.

The results given in Table 7-12 appear to be complicated. A partial
explanation is as follows. The multiple comparisons indicate that the three
subsegments between cores 47 and 49 match for sodium, lead, chloride, nitrate,
phosphate, and s, Subsegments B and D match between cores 47 and 49 for
iron, nitrite, sulfate, and total Janide. Subsegments C and D match between
cores 47, 48, and 49 for iron and Sr. This is some evidence of layers in
the waste. The multiple comparisons for the other analytes indicate waste
heterogeneity. As previously stated, such differences inflate the spatial
variance. There may be patterns in Table 7-12, other than those indicated,
showing layers within the waste.

7.7 COMPARISON OF RESULTS: SINGLE-SHELL
TANKS 241-C-109 AND 241-C-112

This section contains a comparison of summary statistics computed from
core composite data from tanks 241-C-109 and 241-C-112. Comparisons are made
on the mean concentration, the analytical measurement variance, and the
spatial variance. Comparisons are also presented for the relative standard
deviations and the two variances as a percent of the total variance.

Appendix C contains graphs of the data from tank 241-C-109 and 241-C- 112.
Each core from tank 241-C-109 is paired, according to location within the
tank, with a core from tank 241-C-112. Table 7-13 shows this pairing.
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Table 7-12. Tukey's HSD Multiple Comparisons, Subsegment Data
(Units ug/g9 Except Radionuclides uCi/g).

Group Mean
Core 47 | 48 | 49 47 i8 i9 RSD
ICP. fus.Al € ¢ 1.3e+05% 1.9e+05 6%
€ a o} 1.2e+05 7.3e+03 9.6e+04
B a 4 3.2e404 9.8e+03 7.1e+04
ICP.fus.Ca B a 1.0e+04 4.3e+03 6%
y € yé 1.8e+04 2.9e+04 1.9e+04
€ Y ] 2.8e+04 1.7e+04 2.3e+04
ICP.fus.Fe B a 6.3e+04 1.6a+04 46%
o a o 2.le+04 2.0e+04 4.6e+03
o a @ | 1.5e+04 2.1e+04 1.5e+04
ICP.fus.Na aB o 5.1e+04 4.3e+04 14%
i aflly & aly | 6.3e+04 1.2e+05 6.3e+04
géf yé yé Bys 1.0e+05 1.0e+05 9.1e+04
= 1CP. fus.Pb o @ | 5.0e+03 2.0e+03 | 50%
) @ - - 2.9e+03 NA NA
et o o a 1.4e+04 6.9e+02 7.3e+02
e ICP. fus.U yé aBy | 1.2e+02 7.9e+03 | 9%
o aB € - 6.1e+03 | 1.7e+04 NA
a be ) 5.8e+03 1.4e+04 1.2e+04
ICP.fus.P - ~ NA NA 9%
ab Y a 1.2e+04 2.3e+04 1.le+04
] 1% By 3.0e+04 2.1e+04 2.0e+04
Chloride af a 5.5e+02 '5.0e+02 6%
By de yo 7.0e+0?2 9.5e+02 8.0e+02
¥V € yé 7.5e+02 1.0e+03 8.0e+02
Nitrite o a 2.8e+04 2.6e+04 4%
B € Y 3.7e+04 5.1e+04 4.4e+404
By oe yo 4.0e+04 5.0e+04 4.5e+04
Nitrate o o 2.8e+04 2.6e+04 | 4%
g el By 3.6e+04 5.6e+04 4.2e+04
yB & ¥y | 3.9e+04 5.4e+04 4.3e+04
Phosphate o a 7.3e+03 6.1e+03 28%
a afl b §.6e+03 1.6e+04 8.8e+03
1% By afy 4.5e+04 3.6e+04 2.5e+04
Sulfate a a 5.1e+03 4.7e+03 3%
B € Y 7.1e+03 1.1e+04 8.2e403
: By 8 % 7.4e+03 1.0e+04 8.1e+03
Total cyanide a a 3.2e+03 3.5e+03 3%
B € ] 4.4e+03 1.1e+04 8.1e+03
% o % 5.8e+03 8.7e+03 5.5e+03
Sr-90 ) % 4.6e+03 2.4e+03 8%
B abB aB 4.7e+02 1.5e+02 2.0e+02
af o a3 2.2e+02 1.2e+02 1.9e+02
Cs~-137.fusion aB o 3.4e+02 1.2e+02 16%
Byd o afl 7.7e+02 1.2e+403 3.5e+02
yo 7.0e+02

& By 9.5e+02 1.2e+03
RSD = Relative standard deviation.
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Table 7-13. Core Composite Assignment for Tank Comparison.

Tank Pair 1 Pair 2 Pair 3
241-C-109 Core 49 Core 48 Core 47
241-C-112 Core 34 Core 35 Core 36

To help compare the two sets of data, paired cores have the same symbols.

7.7.1 Comparison of Mean Concentrations

for the analytes of interest in tank 241-C-109, the mean concentration
(¥) and the variance of the mean concentration [6°(})] are presented in
Table 7-4. These summary statistics are based on the core composite data.
The corresponding results for tank 241-C-112 are contained in Simpson,
Borsheim, and Jensen (1993). To test the equality of the mean concentration
of the analytes in the two tanks, a 95 percent CI was computed on the
difference between the two mean concentrations. The test of equality of mean
concentrations is if zero is in the CI, then the two means cannot be
distinguished from each other at the 0.05 level of significance. If zero is
not in the CI the two means are significantly different from each other.

A 95 percent CI on the difference between the mean concentrations was
computed for 29 analytes. The CI was based on Cochran's approximation to the
Behrens-Fisher problem (Snedecor and Cochran 1980). Zero was in all of the
;Etervals. Because of the magnitude of the variances of the difference,

[Y(CIOQ)-Y(CIIZ)]-62[7(C109)] [¥(C112)] and the small number of df, the ‘
width ?f the CIs was very large. The lower limits of the 1n§erva1s tended to
be -10° or -10* and the upper limits tended to be +10° or +10*. These
intervals are a function of both the analytical measurement variance and the
spatial variance.

To reduce the magnitude of the width of the CIs, they were also computed
using only the analytical measurement variance. The new lower limits of the
intervals were reduced to -10* or -10° and the upper limits were reduced to
+10° or +10°. Zero was in all but two of the new CIs. The two intervals that
did not contain zero were for aluminum (ICP.fusion) and "%y, Tables
containing the CIs on the difference are not given in this document.

The interpret%ti n of these results is that except for possibly aluminum
(ICP.fusion) and Z%%Ppy, the mean concentration of the analytes in the two
tanks cannot be distinguished from each other. It needs to be emphasized that
these comparisons are based on very large spatial and analytical measurement
variances and very small df. Consequently, such comparisons may not be
meaningful.

7.7.2 Comparison of Variances
The estimates of the analytical measurement variances [6%(A)] for both

tank 241-C-109 and 241-C-112 are given in Table 7-14. A special form of the
F-test (Snedecor and Cochran 1980) was used to test the equality of these two
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Table 7-14. Comparison of Analytical Error Variances,
Tanks 241-C-109 and 241-C-112.

Tank C-109 C-112

Analyte 82 (A) df 62(A) df p-value
ICP.acid.Al 1.00e+08 3 3.10e+07 3 0.180
ICP.acid.Ca 3.91e+06 3 1.44e+06 3 0.217
ICP.acid.Fe 5.45e+07 3 2.76e+07 3 0.294
ICP.acid.Na 1.20e+08 3 2.39e+07 3 0.294
ICP.acid.Ni 1.47e+06 3 1.06e+06 3 0.399
ICP.acid.Pb 1.23e+06 3 2.41e+04 3 0.004
ICP.acid.U 4.18e+06 3 1.10e+08 3 0.012
ICP.acid.P 2.75%e+07 3 3.83e+06 3 0.070
ICP.fus.Al 3.71e+07 3 5.67e+05 2 0.015
ICP.fus.Ca 6.47e+05 3 1.56e+05 2 0.200
ICP.fus.Fe 3.38e+06 3 9.8le+006 2 0.192
ICP.fus.Na 4.97e+Q7 3 3.96e+06 2 0.075
ICP.fus.Pb 3.71e+03 2 1.47e+05 2 0.025
ICP.fus.U 9.45e+06 2 1.64e+07 2 0.366
ICP.fus.P . 9.43e+06 3 1.37e+05 2 0.014
ICP.water.Al NA NA 3.05e+04 2 NA
ICP.water.Ca 1.67e+02 3 3.78e+04 2 0.000
ICP.water.Fe 6.20e+02 3 3.43e+03 2 0.099
ICP.water.Na 2.40e+07 3 5.11e+08 2 0.017
ICP.water.Ni 1.66e+02 3 1.2%e+03 2 0.065
ICP.water.U NA NA 2.60e+006 2 NA
ICP.water.P 7.27e+06 3 1.13e+07 2 0.345
Chloride NA NA 2.50e+04 2 NA
Nitrite 6.83e+06 3 1.33e+08 2 0.019
Nitrate . 6.67e+06 3 2.4le+08 2 0.008
Phosphate 5.93e+07 3 1.10e+08 2 0.298
Sulphate 1.70e+05 3 6.25e+06 2 0.008
Total cyanide 2.14e+04 3 NA NA NA
U (ug9/9) 4.05e+00 3 5.30e+07 2 0.000
Tot.Alpha.Pu 3.57e-03 3 NA NA NA
Sr-90 1.24e+04 3 1.36e+03 2 0.101
Pu-238 NA NA 1.60e-05 2 NA
Pu-239/240 3.57e-03 -3 2.69e-05 2 0.007
Cs-137.water 1.35e+00 3 NA NA NA
Cs-137.fusion 4,23e+03 3 2.31e+02 2 0.001

7-18



WHC-EP-0668

variances. The p-value, which is the attained level of significance of the
F-test, is also given in Table 7-14. If the attained level of significance is
less than 0.025 (in this special test), then the two analytical measurement
variances are significantly different from each other at the 0.05 level of
significance. In 13 out of 28 tests (46 percent) the analytical measurement
variances were significantly different from each other for the two tanks.

The equality of the spatial variances for the two tanks was tested in a
similar manner. Table 7-15 contains the estimates of the spatial variances
[62(S)] and the p-values for the F-test. The spatial variances were
significantly different from each other in only four out of 25 tests
(16 percent). These variances were significantly differgnt for uranium
(ICP.acid), for nickel (ICP.water) and for uranium and 239/20p . The spatial
variances cannot be distinguished from each other for the other analytes.

The implication of these results are that, at least for these two tanks,
the degree of heterogeneity in the waste is very similar. The analytical
measurement error is not consistent between the two tanks, even though the
data were analyzed by the same laboratory. These results must be interpreted
with caution, because there are only two df associated with each spatial
variance and two or three df for each analytical measurement variance. The df
are very small.

Results given in Tables 7-16 and 7-17 may help in the interpretation of
the relative magnitude of the estimates of the analytical and spatial
variances. For both tanks 241-C-109 and 241-C-112, Table 7-16 gives d°(A) and
8%(S) as a percent of_the total variance assogiated with any observation.

That is, %5 gA)=100*62(A)/[62(A)+62(s)] and %6%(S)=100%°(S)/[6°(A)+6°(s)].
Generally, G°(s) represents the greatest percentage of the total variability
for both tanks 241-C-112 and 241-C-109. The relative standard deviations
(RSDs) for both tanks are given in Table 7-17. An RSD is a standard deviation
expressed as a percent of the mean concentration. That is, RSD(¥)=100*%6(Y)/¥,
RSD{A)=100*3(A) /¥, and RSD{S)=100%6(S)/y. The RSD(A} appears to be relatively
consistent between the two tanks. The RSD(S) appears to be variable with no
apparent pattern. ‘

7.8 SUMMARY OF STATISTICAL INTERPRETATION

For 16 out of 17 analytes, the variability between sampling locations
could not be distinguished from zero. Based on the results of this
statistical test, it is concluded the Analytical Chemistry Laboratory can
satisfactorily homogenize core segments.

Based on the large spatial variance and analytical measurement variance,
the comparisons showed that the Analytical Chemistry Laboratory's ability to
construct core composite samples was satisfactory.

In 28 out of 33 cases (85 percent) the spatial variability in the core
composite samples was larger than the analytical error.
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Table 7-15. Comparison of Spatial Variances,
Tanks 241-C-109 and 241-C-112.
Tank c-109 C-112

Analyte %(S) Defgrreeeedson:a f &*(S) Defrgee?on? f p-value
ICP.acid.Al 1.70e+09 2 3.67e+08 2 0.178
I1CP.acid.Ca 1.72e+07 d 2.49e+07 2 0.408
ICP.acid.Fe 9.14e+07 ? 0.00 2 NA
1CP.acid.Na 0.00 2 2.66e+08 2 NA
ICP.acid.Ni 2.95e+06 /A 1.55e+07 2 0.160
ICP.acid.Pb 2.00e+07 2 2.28e+06 2 0.102
ICP.acid. U 1.71e+07 2 1.56e+09 ? 0.011
ICP.acid.P 0.00 2 4.52e+07 2 NA
ICP.fus.Al 4.27e+09 2 4.70e+08 2 0.099
ICP.fus.Ca 2.52e+07 2 4.0%e+07 2 0.382
ICP.fus.Fe 5.39e+07 2 1.65e+07 2 0.234
ICP.fus.Na 1.14e408 2 ‘5.24e+08 2 0.179
ICP.fus.Pb 2.08e+07 1 3.98e+06 2 0.149
ICP.fus.U 9.80e+07 2 1.78e+09 2 0.052
ICP.fus.P 5.16e+06 2 8.04e+07 2 0.060
ICP.water.Al NA NA 7.06e+04 2 NA
ICP.water.Ca 4.40e+03 2 0.00 2 NA
ICP.water.Fe 1.95e+04 ? 2.26e+05 2 0.079
ICP.water.Na 1.32e+08 2 5.01e+08 2 0.209
ICP.water.Ni 2.31e+03 2 8.56e+04 2 0.026
I1CP.water.U NA NA 4 .55e+06 2 NA
ICP.water.P 1.60e+06 2 3.50e+07 2 0.044
Chloride 3.33e+03 2 5.25e+04 2 0.060
Nitrite 9.67e+06 2 1.04e+08 2 0.085
Nitrate 4.10e+07 2 2.21e+08 2 0.156
Phosphate 2.08e+07 2 2.97e+08 2 0.065
Sulphate 1.86e+06 2 9.17e+06 2 0.168
Total cyanide 2.52e+07 2 NA NA NA
U (ug/g) . 1.09e+02 2 2.88e+09 1 0.000
Tot.Alpha.Pu 2.13e-01 2 NA NA NA
Sr-90 2.57e+05 2 2.96e+06 2 0.080
Pu-238 NA NA 7.81e-03 2 NA
Pu-239/240 2.13e-01 2 4.15e-03 2 0.019
Cs-137.water 4,66e+00 2 NA NA NA
Cs-137.fusion 5.63e+04 2 2.47e+403 2 0.042
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241-C-109 and 241-C-112.

Comparison of Percent Variance,

Tank Cc-109 C-112 C-109 Cc-112
Analyte %2(A) | %2(A) | %0°(S) | %8°(S)
ICP.acid.Al 6% 8% 94% 92%
ICP.acid.Ca 19% 5% 81% 95%
ICP.acid.Fe 37% 100% 63% 0%
ICP.acid.Na 100% 8% 0% 92%
ICP.acid.Ni 33% 6% 67% 94%
ICP.acid.Pb 6% 1% 94% 99%
ICP.acid.U 20% 7% 80% 93%
ICP.acid.P 100% 8% 0% 92%
ICP. fus.Al 1% 0% 99% 100%
ICP.fus.Ca 3% 0% 97% 100%
ICP.fus.Fe 6% 7% 94% 63%
ICP.fus.Na 30% 1% 70% 99%
ICP. fus.Pb 0% 4% 100% 96%
ICP. fus.U 9% 1% 91% 99%
ICP. fus.P 65% 0% 35% 100%
ICP.water.Al NA 30% NA 70%
ICP.water.Ca 4% 100% 96% 0%
ICP.water.Fe 3% 1% 97% 99%
ICP.water.Na 15% 51% 85% 49%
ICP.water.Ni 7% 1% 93% 99%
ICP.water.U NA 36% NA 64%
ICP.water.P 82% 24% 18% 76%
Chloride 0% 32% 100% 68%
Nitrite 41% 56% 59% 44%
Nitrate 14% 52% 86% 48%
Phosphate 74% 27% 26% 73%
Sulphate 8% 41% 92% 59%
Total cyanide 0% NA 100% NA
Uranium {pg/q9) 4% 2% 96% 98%
Tot.Alpha.Pu 2% NA 98% NA
Sr-90 5% 0% 95% 100%
Pu-238 NA 0% NA 100%
Pu-239/240 2% 1% 98% 99%
Cs-137.water 22% NA 78% NA
Cs-137.fusion 7% 9% 93% 91%
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Table 7-17. Relative Standard Deviations
from Tanks C-112 and C-109.
Tank C-109 c-112 c-109 C-112 C-109 c-112
Analyte RSD(¥) RSD(¥) { RSD(A) | RSD(A) RSD(S) { RSD(S)
ICP.acid.Al 44% 46% 18% 23% 76% 78%
ICP.acid.Ca 17% 17% 13% 7% 28% 30%
ICP.acid.Fe 34% 10% 39% 24% 51% 0%
ICP.acid.Na 2% 11% 13% 5% 0% 18%
ICP.acid.Ni 8% 18% 9% 8% 12% 30%
ICP.acid.Pb 78% 34% 33% 0% 133% 59%
ICP.acid.V 24% 40% 19% 18% 39% 68%
ICP.acid.P 4% 17% 29% 9% 0% 29%
ICP. fus.Al 45% 46% 7% 3% 78% 82%
ICP.fus.Ca 15% 18% 4% 2% 26% 32%
ICP.fus.Fe 24% 10% 10% 11% 41% 15%
ICP.fus.Na 8% 12% 8% 2% 12% 22%
ICP.fus.Pb 80% 39% 2% 13% 113% 68%
ICP.fus.U 42% 30% 21% 5% 67% 52%
ICP.fus.P 10% 18% 17% 1% 12% 32%
ICP.water.Al NA 33% NA 34% NA 51%
ICP.water.Ca 36% 11% 12% 58% 62% 0%
ICP.water.Fe 8% 23% 3% 5% 14% 41%
ICP.water.Na 10% 18% 7% 26% 16% 25%
ICP.water.Ni 41% 24% 19% 5% 69% 43%
ICP.water.U NA 65% NA 74% NA 98%
ICP.water.P 20% 36% 41% 33% 19% 59%
Chloride 5% 15% 0% 16% 8% 23%
Nitrite 5% 16% 6% 24% 8% 22%
Nitrate 10% 18% 6% 25% 16% 24%
Phosphate 20% 35% 38% 34% 22% 56%
Sulphate 10% 17% 5% 21% 18% 25%
Total cyanide 34% NA 2% NA 59% NA
U (ug/9) 39% 52% 13% 11% 66% 78%
Tot.Alpha.Pu 78% NA 18% NA 135% NA
Sr-S%0 39% 44% 15% 2% 66% 79%
Pu-238 NA 110% NA 6% NA 137%
Pu-239/240 78% 86% 18% 9% 135% 107%
Cs-137.water 17% NA 15% NA 27% NA
Cs-137.fusion 17% 5% 8% 2% 29% 7%

RSD = Relative standard deviation.
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There is no significant difference between the composite sample means for
12 of 31 (39 percent) analytes and they were significantly different in 19 out
of 31 (61 percent) of the analytes. The comparisons between the subsegments
indicates layering within the waste for some analytes and that the waste is
very heterogeneous for other analytes. These types of heterogeneity influence
the magnitude of the spatial variability.

Because of the large spatial and analytical measurement variances and
small df, the mean concentrations cannot be distinguished from each other.
For most of the analytes, the spatial variances cannot be distinguished from
each other. Although the analytical results came from the same laboratory,
the analytical measurement variances were significantly different for 13 out
of 28 (46 percent) analytes.
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8.0 CONCLUSIONS AND RECOMMENDATIONS

8.1 CONCLUSIONS FROM ANALYTICAL RESULTS

Analyses of the waste show a very small number of analytes comprising a
large portion of the waste. Water is the single largest analyte, making
up 38.6 percent of the total mass. There is relatively little supernatant in
the tank (less than 6 percent of the total mass). Seven elements (aluminum,
calcium, iron, sodium, nickel, phosphorus, and uranium) constitute
approximately 25 percent of the solids mass. They also represent over
95 percent of the total cations. Two anions (NO, and NO;) constitute
approximately 8 percent of the solids mass. The fraction of the total anions
that nitrate and nitrite represent cannot be adequately determined because the
analytical method measured only soluble anions. The total cyanide content was
measured and found to be less than 1.5 percent (dry basis) in each core and
for the tank as a whole.

The 2§1y significant gamma emitter found in the waste was “'Cs.

Although “Co was also precipitated during the scavenging process, it has
decayed below any level of concern and does not contribute to the heat load of
the tank. No meaningful regional concentrations (hot spots) of radigisotOpes
or fuel were detected along the vertical axis in either core. The 'Cs
concentrations were comparable between Core 47 and C%;e 49 and the regions
with high nickel concentrations correlated with the “'Cs activity. These
observations are consistent with the historical information regarding the
ferrocyanide-scavenging process and the ICP element distribution through the
subsegments. The other major source of radiological activity was “°Sr, which
decreased significantly as a function of depth in both Core 47 and Core 49, as
expected from the fill history. Heat-load calculatjons are further evidence
supporting the contention that the relatively high “*Sr concentrations are
believed to be a phenomenon particular to the upper several inches of the
waste. The bulk waste temperature in the tank, obtained from two thermocouple
trees, ranges between 23° to 26 °"C (74° to 78 °F). Comparisons of heat-load
calcutations, using the temperature profiles from the thermocouple trees and
heat loads based on isotope concentrations, agree within 27 percent and are
considered reasonable (Cash et al. 1993; Appendix C). The radiological
activity of tank 241-C-109 waste material was relatively low (ranging from 1
to 2.5 R/hr, measured through the drill string). No significant radiological
activity was found in the drainable liquid in the t§§¥ or in the water or acid
digestion of the samples. This shows that *°Sr and 'Cs are quite insoluble.

Cores 47 and 49 appear to have concentrated decladding waste and hot
semiworks effluent disposed on top of 1C, 1C EBs and CW that was scavenged,
sometimes with ferrocyanide, sometimes not, overlying a heel bismuth phosphate
first decontamination cycle waste heel. However, no firm evidence of
BiP0,-1C waste was ever found from the assays. The phosphate and phosphorous
profiles although suggestive, are not conclusive. The water content, particle
size distribution, DSC/TGA behavior, and aluminum concentration in these two
cores are different than the tank 241-C-112 core samples or the In Farm
simulant behavior. First decontamination cycle and 1C EBs mixed with
decladding waste rather than uranjum recovered TBP waste was the primary waste
that was scavenged. Profiles of *°Sr (decreasing as a function of depth) and
Cesium-137 (increasing as a function of depth) profiles agree with fill
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histories. No discernable exothermic behavior was detected in these samples,
even though there were measurable quantities of cyanide present. This lack of
observed energetic behavior was attributed to the aluminum content of the
waste; the primary reaction occurring between 260° and 300 °C is believed to
be the dehydration of aluminum hydroxide.

Indications from Core 48 data show that material has physical and
chemical properties corresponding to those expected for ferrocyanide waste.
Water content, particle size distribution, DSC/TGA behavior, nickel and total
cyanide concentration are consistent with the 241-C-112 values. However,
again in this case, DSC results from the suspected ferrocyanide waste in
tank 241-C-109 indicate that the material is considerably less energetic than
the corresponding waste simulant or the theoretical as-deposited values.
Results of aging studies now underway on flowsheet simulants may demonstrate
that radiolytic, hydrolytic, and thermal processes in the tanks over the last
35 years have combined to dissoive, dilute, and destroy the reactive
ferrocyanide compounds. The data from tank 241-C-109 strongly indicate that
the waste lacks the fuel concentration to sustain any propagating exothermic
behavior and a heat source intense enough to trigger a reaction is absent.

8.2 CONCLUSIONS FROM ENERGETICS ANALYSIS

Ferrocyanide simulants made by the In Farm flowsheet are more reactive
than ferrocyanide wastes derived from other processes. The waste in
tank 241-C-109 and the other C Farm tanks, representing 20 to 25 percent of
the ferrocyanide inventory added to the tanks, was made by a similar process
and was a potential cause for concern. However, if the In Farm simulants
contained at least 15 weight percent water, that moisture content precluded an
uncontrolled, propagating reaction (Fauske 1992).

Three core samples were obtained from tank 241-C-109. While all three
cores were broken down into smaller subsegments and examined for reactivity
using DSC, none of the samples exhibited any propagating behavior. The
samples had a moisture content ranging from 19 to 58 wt¥% water and a heat of
reaction ranging from no discernable exotherm to -51.9 J/g dry material
(0.0 to -12.4 cal/dry g). The onset temperatures for the endotherms were
between 217° and 270 °C. The onset temperatures for the observed exotherm was
272 °C, close to that predicted by the simulants. The simulant may have
represented some of the waste as it was initially precipitated in the tank;
several of the physical and chemical properties of the simulants are quite
close to those of Core 48 waste. However, much of the waste that was
scavenged was quite different from the material in tank 241-C-112. In
addition, further chemical analysis indicates that the waste material has a
total cyanide content much Tower than expected from the simulant formulations
and, correspondingly, tank 241-C-109 waste material is not as energetic as the
analogous waste simulants. Tank 241-C-109 sample material is nearly 24 times
less chemically reactive than the comparable In Farm simulant material
(tank 241-C-109 waste: -0.05 kJ/g; In Farm 1 simulant: -1.20 kd/g). The
causes of this behavior are hypothesized to be long-term exposure to radiation
fields and additional high pH cladding waste. Both of these conditions appear
to degrade the ferrocyanide complexes.
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Calculations of the bulk waste inventory and inventories for several

nalytes of interest to the various safety issues (ferrocyanide, NO;, NO;,
137cs’, %9sp, plutonium, and water) were made. The calculated bulk inventory of
ferrocyanide (6,800 g-mol) was far in excess of the 1,000 g-mol Ferrocyanide
Watch List criteria, but the energetics results indicate that particular
criteria do not account for the dispersion of the ferrocyanide in the waste
(i.e., the concentration may be too low to support a self-sustaining
reaction). None of the other calculated bulk inventory values exceeded any
level of concern (refer to Table 8-1).

Analytical evidence from tank 241-C-109 suggests the risk from
ferrocyanide compounds in Hanford Site high-Tevel waste tanks is acceptable
and that a propagating exothermic ferrocyanide reaction is incredible.

Table 8-1. Comparison of Tank 241-C-109 Analyte Values
to Safety Issue Criteria.

Safety issue Calculated/
Analyte criteria’ measured value

Na,NiFe(CN), 1,000 g-mol 6,800 g-mol
S M (dry basis) -75 cal/g -12 cal/g*

239/260p, | 50 kg 3.8 kg

Temperature 300 °F (149 °C) 29 °C (85 °F)

Heat load 11.72 kw 2.85 kw

Organic content 3.0 wt% TOC 0.45 wt% TOC

({TOC, Dry basis)

(10% sodium acetate

equivalent)

1(Lindsey 1986; RHO 1988; Boyles 1992; Reep 1992).
*Only observed exotherm in several measurements.

8.3 RECOMMENDATIONS

The following recommendations are made based on the data and analyses
presented in this report and the goals of the characterization effort.

e The Watch List criteria for the Ferrocyanide waste tank USQ should
be expanded so that it includes concentration or energetics based
measurements.

e Tank 241-C-109 should be removed from the Ferrocyanide Watch List.
If removal cannot be effected, the tank should be declared safe for
interim-safe storage, so that routine tank farm operations can be
performed.
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e An analysis for the formate anion should be done on the water
soluble material to aid in confirming that the ferrocyanide has
degraded.

« In future sample analyses, the DSC assay should be performed under
an inert atmosphere to better represent the waste conditions in the
tank.

8-4



WHC-EP-0668
9.0 REFERENCES

Abrams, R. B., 1956, History: Metal Recovery Waste Scavenging Program,
HW-43066, General Electric Company, Richland, Washington.

Anderson, J. D., 1990, A History of the 200 Area Tank Farms, WHC-MR-0132,
Westinghouse Hanford Company, Richland, Washington.

Babad, H., B. C. Simpson, R. J. Cash, M. A. Lilga, 1993a, The Role of Aging in
Resolving the Ferrocyanide Safety Issue, WHC-EP-0599, Westinghouse
Hanford Company, Richland, Washington.

Babad, H., D. M. Camaibni, M. A. Lilga, W. D. Samuels, D. M. Strachan, 1993b,
Tank Waste Chemistry - A New Understanding of Waste Aging,
WHC-SA-1694-FP, Westinghouse Hanford Company, Richland, Washington.

Bechtold, D. B., 1992, "Analysis of In-Plant Ferrocyanide Solids," Interna}l
Memo 12110-PC92-014, Westinghouse Hanford Company, Richland, Washington.

Bell, K. E., 1993, Tank Waste Remedialion System Tank Waste Characterization
Plan, WHC-SD-WM-PNLO47, Rev. 1, Westinghouse Hanford Company, Richland,
Washington. '

Bird, R. B, W. E. Stewart, E. N. Lightfoot, 1960, Transport Phenomena, John
Wiley and Sons. New York, New York.

Borsheim, G. L. and B. C. Simpson, 1991, An Assessment of the Inventories of
the Ferrocyanide Watchlist Tanks, WHC-SD-WM-ER-133 Rev. 0, Westinghouse
Hanford Company, Richland, Washington.

Boyles, V. C., 1992, Operating Specifications for Single-Shell Waste Storage
Tanks, 0SD-T-151-00013 Rev D-1, Westinghouse Hanford Company, Richland,
Washington.

Brown, T. M., L. Jensen, 1993, Tank Characterization Report for Single-Shell
Tank 241-U-110, WHC-EP-0643, Westinghouse Hanford Company, Richland,

Washington.

Burger, L. L., 1984, Complexant Stability Investigation, Task 1, Ferrocyanide
Solids, PNL-5441, Pacific Northwest Laboratories, Richland, Washington.

Burger, L. L., 1989, Complexant Stability Investigation, Task l-Ferrocyanide
solids, PNL-5441, Pacific Northwest Laboratory, Richland, Washington.

Burger, L. L., and R. D. Scheele, 1990, The Reactivity of CstNiFe(CN)6 Towards
Nitrate and Nitrite Salts, PNL-7550, Pacific Northwest Laboratory,
Richland, Washington.

Cady, H. H., 1992, Evaluation of Ferrocyanide/Nitrate Explosive Hazard,
LA-12589-MS, Los Alamos National Laboratory, Los Alamos, New Mexico.

9-1



WHC-EP-0668

Cash, R. J., 1993, Ferrocyanide Safety Program - Removal of Six Tanks from
Ferrocyanide Tank List, (letter 9259120 to J. H. Anttonen, January 14,
1993), Westinghouse Hanford Company, Richland, Washington.

Cash, R. J., G. T. Dukelow, and C. J. Forbes, 1993, Quarterly Report on
Defense Nuclear Facilities Safety Board Recommendation 90-7 for the
Period Ending December 31, 1992, WHC-EP-0474-7, Westinghouse Hanford
Company, Richland, Washingten.

Colby, S. A., and M. D. Crippen, 1991, Graphical Presentation of Ferrocyanide
Tank Compositions, WHC-SA-1304-FP, Westinghouse Hanford Company,
Richland, Washington.

DOE, 1987, Final Environmental Impact Statement, Disposal of Hanford Defense
High-Level Transuranic Wastes, Hanford Site, Richland, Washington,
DOE/EIS-0113,Vol. 1 through 5, U.S. Department of Energy,

Washington, D.C.

Ecology, EPA, and DOE, 1992, Hanford Federal Facilily Agreement and Consent
Order, 2 vols., Washington State Department of Ecology,
U.S. Environmental Protection Agency, U.S. Department of Energy, Olympia,
Washington. :

Fauske, H. K., 1992, Adiabatic Calorimetry and Reaction Propagation Rate Tests
with Synthetic Ferrocyanide Materials Including U Plant-1, U Plant-2,
In Farm 1, In Farm 2 and Vendor-Procured Sodium Nickel Ferrocyanide,
Fauske & Associates, Inc., Burr Ridge, ITlinois..

General Electric, 1958, Record of Scavenged TBP Waste, General Electric
Company, Richland, Washington.

Hanlon, B. M., 1992, Tank Farm Surveillance and Waste Status Summary Report
for September 1992, WHC-EP-0182-39, Westinghouse Hanford Company,
Richland, Washington.

Harville, D. A., 1977, "Maximum Likelihood Approaches to Variance Component
Estimation and to Related Problems," Journal of the American Statistical
Association, p.p. 320-340.

HASM, 1993, Single-Shell Tank Characterization Project and Safely Analysis
Project Core 47, 48 and 49, Validation Report Tank 241-C-109,
WHC-SD-WM-DP-0356, Westinghouse Hanford Company, Richland, Washington.

Hi11, J. G., W. I. Winters, B. C. Simpson, J. W. Buck, P. J. Chamberlain, and
V. L. Hunter 1991, Waste Characterization Plan for the Hanford Site
Single-Shell Tanks--Appendix I: Test Plan for Sampling and Analysis of
Ten Single-Shell Tanks, WHC-EP-0210 Rev. 3, Westinghouse Hanford Company,
Richland, Washington.

Hi11, J. G., 1991, Modified Test Plan for the Ferrocyanide Single-Shell Tanks,
241-C-112, C-109 and T-107, Correspondence No. 915211, Westinghouse
Hanford Company, Richland, Washington.

9-2



WHC-EP-0668

Husa, I. E., R. E. Raymond, R. K. Welty, S. M. Griffith, B. M. Hanlon,
R. R. Rios, and N. J. Vermeulen, 1993, Hanford Site Waste Storage Tank
Information Notebook, WHC-EP-0625, Westinghouse Hanford Company,
Richiand, Washington.

Jensen, L. and B. J. Whitcher, 1992, "Statistical Analysis of Tank 241-U-110
Data, IV: Concentration Estimates,” Internal Memo 12100--PLT92-068,
Westinghouse Hanford Company, Richland, Washington.

Jeppson, D. W. and J. J. Wong, 1993, Ferrocyanide Waste Simulant
Characterization, WHC-EP-0631, Westinghouse Hanford Company, Richland,
Washington.

Jungfleisch, F. M., 1984, TRAC: A Preliminary Estimation of the Waste
Inventories in Hanford Tanks Through 1980, SD-WM-TI-057, Rockwell Hanford
Operations, Richland, Washington.

Lilga, M. A., M. R. Lumetta, W. F. Riemath, R. A. Romine, and
G. F. Schiefelbein, 1992, "Ferrocyanide Safety Project, Subtask 3.4,
Aging Studies FY 1992, Annual Report," PNL-8387 UC-721, Pacific Northwest
Laboratory, Richland, Washington.

Lindsey, D. W., 1986, Operating Specifications for Single-Shell Waste Storage
Tanks, 0SD-T-151-00013, Rockwell Hanford Operations, Richland,
Washington. )

National Defense Authorization Act for Fiscal Year 1991, Public Law 101-510,
Section 3137, "Safety Measures for Waste Tanks at Hanford Nuclear
Reservation," November 5, 1990.

Peach, J. D., 1990, "Consequences of Explosion of Hanford's Single-Shell Tanks
Are Understated," (Letter B-241479 to C. M. Synar, Chairman of
Environment, Energy and Natural Resources Subcommittee, Committee on
Government Operations, House of Representatives), GAO/RCED-91-34, General
Accounting Office, Washington, D.C.

Pederson, L. R., H. Babad, S. A. Bryan, A. J. Schmidt, 1993, Autogeneous
Hydrothermal Oxidation in Simulated Hanford Double-Shell Tank Wastes,
PNL-SA-22181, Pacific Northwest Laboratory, Richland, Washington.

Petersen, R. G., 1985, Design and Analysis of Experiments, First Edition,
Marcel Dekker, Inc., New York, New York.

Reep, 1. E., 1992, Status Report on Resolution of Waste Tank Safety Issues at
the Hanford Site, WHC-EP-0600, Westinghouse Hanford Company, Richland,
Washington.

RHO, 1988, Criticality Prevention Specifications for Waste Storage Tanks and
Associated Equipment, CPS-T-149-00010, Rockwell Hanford Operations,
Richland, Washington.

9-3



WHC-EP-0668

Scheele, R. D., L. L. Burger, J. M. Tingey, S. A. Bryan, G. L. Borsheim,
B. C. Simpson, R. J. Cash, and H. H. Cady, 1991, "Ferrocyanide-Containing
Waste Tanks: Ferrocyanide Chemistry and Reactivity," in the Proceedings
of Environmental Restoration 91, University of Arizona, Tucson, Arizona.

Schmidt, W. C., and M. J. Stedwell, 1954, Production Test 221-T-18 Scavenging
of First Cycle Waste, HW-33252, General Electric Company, Richland,
Washington.

Schneider, K. J. 1951, Flow Sheets and Flow Diagrams of Precipitation
Separations Process, HW-23043, General Electric Company, Richland,
Washington.

Simiele, C. J., 1991, Single-Shell Tank Phase 1A/1B Procedure Compendium,
WHC-MR-0213, Westinghouse Hanford Company, Richland, Washington.

Sloat, R. J., 1954, TBP Plant Nickel Ferrocyanide Scavenging Flowsheet,
HW-30399, General Electric Company, Richland, Washington.

Sloat, R. J., 1955, In Farm Scavenging Operating Procedure and Control Data,
HW-38955 Rev. 1, General Electric Company, Richland, Washington.

Simpson, B. C., G. L. Borsheim, L. Jensen, 1993, Tank Characterization Data
Report: Tank 241-C-112, WHC-EP-0640, Westinghouse Hanford Company,
Richland, Washington.

Snedecor, G. W., and W. G. Cochran, 1980, Statistical Methods, Seventh
Edition, Iowa State University Press, Ames, Iowa.

Wagner, 1992, Hanford Waste Vitrification Plant Feed Characterization
Requirements, WHC-SD-HWV-SM-001, Rev. 4, Westinghouse Hanford Company,
Richland, Washington. .

Weast, R., 1984, Handbook of Chemistry and Physics, 64th Ed., CRC Press,
Boca Raton, Florida.

Winters, W. I., L. Jensen, L. M. Sasaki, R. L. Weiss, J. F. Keller,
A. J. Schmidt, and M. G. Woodruff 1990a, Waste Characterization Plan for
the Hanford Site Single-Shell Tanks, WHC-EP-0210 Rev. 1, Westinghouse
Hanford Company, Richland, Washington.

Winters, W. I., L. Jensen, L. M. Sasaki, R. L. Weiss, J. F. Keller,
A. J. Schmidt, and M. G. Woodruff 1990b, Waste Characterization Plan for
the Hanford Site Single-Shell Tanks, WHC-EP-0210 Rev. 2, Westinghouse
Hanford Company, Richland, Washington.

Wodrich, D. D., G. S. Barney, G. L. Borsheim, D. L. Becker, W. C. Carlos,
M. J. Klem, J. L. Ryan, R. E. Van der Cook, 1992, Summary of Single-Shell
Waste Tank Stability, WHC-EP-0347 Supplement, Westinghouse Hanford
Company, Richland, Washington.

9-4



WHC-EP-0668

APPENDIX A

CALCULATIONS

APP A-i



WHC-EP-0668

This page intentionally left blank.

APP A-ii



WHC-EP-0668

APPENDIX A: CALCULATIONS
Theoretical Energetic Behavior of C-109 Waste:

Assume 1.0 and 1.5 vol% precipitate formation; use waste volumes generated
from Borsheim-Simpson spreadsheet model.

Ferrocyanide waste volume: @ 1.0 vol% = 25,000 gallons
@ 1.5 vol% = 37,500 gallons

Input mole of ferrocyanide: 47,300 g-mol Na,NiFe(CN),
Calculated moles

ferrocyanide remaining: @ 1.0 and 1.5 vol% = 47,300 g-mol Na,NiFe(CN),

Analytical estimate 38,400 g-mol Na,NiFe(CN),
derived from Ni content

(discounting Ni from ®Co scavenging,

and using the acid ICP composite values)

(14,033 pg Ni/wet g)*(1 g/1E+06 ug)*(g-mol Ni/58 g)*(284.6 Mg)=68,900 g-mol Ni

Ni from non-FeCN scavenging: 30,500 g-mol; thus 68,900-30,500=38,400 g-mol Ni
and (38,400 g-mol Ni)*(1 g-mol Na,Nife(CN),/g-mol Ni)=38,400 g-mol Na,NiFe(CN),

Bulk Mass of Ferrocyanide waste (Density = 1.20 g/mL):

(25,000 gal)*(3785 mL/gal)*(1.20 g/mL)
(37,500 gal)*(3785 mL/gal)*(1.20 g/mL)

1.14E+08 g waste
1.70E+08 g waste

Mass of Ferrocyanide in Ferrocyanide waste:

(47,300 g-mo1)*(316.7 g/g-mol) = 1.50E+07 g Na,NiFe(CN),

Weight Percent Ferrocyanide in waste (range):

G 1.0 vol% :  1.50E+07 g Na NiFe(CN) *(100) = 13.16 wtk
1.14E+08 g waste
@ 1.5 vol% : 1.50E+07 g Ma,NiFe(CN),*(100) = 8.82 wth

1.70E+08 g waste

Assume 37% average water content, 63% solids
(Average of Core 47 and Core 49 TGA measurements)

Weight Percent Ferrocyanide (Dry basis)

@ 1.0 vol% :  1.50£+07 g Na,Nife(CN) *(100) = 20.88 wt%
1.14E+08 g waste (0.63
@ 1.5 vol% : 1.50E+07 g Na,NiFe(CN) *(100) = 14.00 wt%

1.70£+08 g waste (0.63)
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Table A-1. Energetic Properties of Waste Simulants (Fauske 1992).

Simulant Fem(cnyrifmt?aes1Cs°)ntent (kJ/gAdl-llr'S;msl?rlﬁtu]ant) (ka/?ﬁégﬁﬁ’?%ifﬁu)é)
U Plant-1 4.3 wi% -0.17 -3.95
U Plant-2 8.6 wt% ~0.34 ~3.95
In Farm-1 25.5 wt#% _ -1.20 -4.71

A direct, linear relationship can be assumed between the ferrocyanide (or
cyanide) content of the waste and the energy content of the material.

M = (Wt% NaNiFe(CN),)*(-3.95 KJ/g Na,NiFe(CN),)

sample
Therefore, the theoretical energetic behavior of the waste as it was initially
stored in tank 241-C-109 is between:

(14.00%)*(-3.95) = -0.55 KJ/g waste; or 132 cal/g dry waste
(20.88%)*(-3.95) = -0.82 KJ/g waste; or 197 cal/g dry waste

The basis for the exothermic potential of the reaction is -3.95 KJ/g
Na,NiFe(CN),. This value is used for several reasons. The measurement of the
two U Plant simulants was performed on much larger samples, thus is not as
sensitive to rounding and experimental error. In addition, the measured
gaseous products from the U Plant reaction were 0.075 moles produced out of a
theoretical 0.11 moles; this represents a release fractjon of 68.2%,
suggesting incomplete or less efficient combustion. There are several
alternative reaction paths, however, the most reactive thermodynamic pathway
has a AH of -9.6 KJ/g Na,NiFe(CN),. Therefore a reaction efficiency for this
waste matrix is (-3.95/-9.6)*100 = 41.1%. It can be assumed that the release
fraction and reaction efficiency in the waste matrix would not be any greater
. than that exhibited by the simulants. However, greater heats of reaction can
be expected from mixtures with higher fuel contents, as long as there is
sufficient oxidizer. This behavior is expected because facters contributing
to combustion efficiency are more favorable: (1) a higher fuel/oxidant
interface and (2) fewer solid diluents. This may be why the In Farm-1
simulant exhibits a higher heat of reaction than the U Plant simulants.

Determination of '*'Cs values from Revised Borsheim/Simpson Model:

The approximate amount of ">’Cs processed through 241-C-109 during the
scavenging campaign was 319,000 Ci. The half-life of 137Cs is 30.17 years.
The decay period for the waste is assumed to be 35 years (1958-1993).

The decay factor for this timespan is thus:

g (In 2/30.370*35_ 4 4475

Therefore, the 37cs remaining from the scavenging campaign is
(319,000 Ci)*(0.4475) = 142,800 Ci
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The amount of '7Cs captured in the tank is assumed to be directly
proportional to the amount of ferrocyanide waste solids retained, however in
each case, th%re were no transfers of solids out of the tank. Therefore, the
inventory of 7Cs remaining from the scavenging campaign does not change.

Comparison of Actual Waste Values with Theoretical Estimates

Total cyanide values can provide estimates of ferrocyanide content; and this
derived ferrocyanide content can be used to determine the energy content of
the sample {assuming all cyanide detected is present as ferrocyanide).

(316.7 a/q-mol Na,NiFe(CN) )*(Wt% cyanide) = Wt% Na,NiFe(CN)
(156 g CN/g-mo] Nisze:(t:N?6 ? ¢

and using the derived ferrocyanide value in the previously described energetic
relationship:

A = (Wt% NaNiFe(CN),)*(-3.95 KJ/g Na,NiFe(CN),) (1)

uiuplc
Conversely, the energy content of the waste is a reasonable indicator of the
ferrocyanide content in the waste. B8y rearranging Equation (1)

le _ = Wt% Na,NiFe(CN),
-3.95 Rﬂ?g Na,NiFe(CN),

However, because of the semi-quantitative nature of the DSC assay, values
obtained in this manner are 1ikely no better than qualitative results (+100%)
for low fuel concentrations/small exotherms., For samples with high fuel
contents (and consequently, exhibiting strong exotherms), the values are
considered much more accurate. In this case, the samples are exhibiting
strong endothermic behavior making a comparison even more difficult. However,
even with the endotherms observed, if the fuel concentration was present at
its theoretical level, exotherms would be observed.

Calculation of Bulk Inventaries for Analytes of Importance

From the distribution of the solids and liquids in the samples, the
measurements from tank farm surveillance, and the analyte profiles from the
guarter-segments, an overall tank profile can be visualized (Figure A-1).
These observations from the tank suggest that there are distinct regions in
the tank, each possessing a specific volume and characteristic compositions.
For the first interpretation, these regions are:

* Dished Bottom: First decontamination cycle BiPO, waste or
unscavenged Uranium Recovery (UR) waste.

e Tank Layer 1: Unscavenged UR waste and Ferrocyanide-scavenged
Uranium Recovery (FeCN) waste.

« Tank Layer 2: m{errocyanide-scavenged supernates from BY Farm
scavenged for “°Sr and ®Co without ferrocyanide.
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+« Tank Layer 3: Ferrocyanide-scavenged waste, plus Coating Waste, Hot
Semiworks, and 1C Evaporator Bottoms.

e Supernatant.
The volumes for each region were derived as follows:
* Dished Bottom: 10,000 gallons (39,000 L)

This is the volume of waste recorded in the dish at the time prior to
scavenging.

e Tank Layer 1: 19,800 gallons (75,000 L)

Calculate a volume using a slab 1.5 subsegments high.

(2,750 gallons/inch)*(4.75 in./subsegment}*[0.5*(1.5+0 subsegments)]

= 19,600 gallons. Compare with model estimate at 1.5 vol% = 19,840 gallons;
use higher value (3 sig. figures).

e Tank Layer 2: 10,300 gallions (39,000 L)

Estimate derived from two batches of nonferrocyanide scavenged solids using a
model value of 1.5 vol% solid formation.

+« Tank Layer 3: 21,900 gallons (83,000 L)

Three batches of ferrocyanide scavenged solids using model estimates of 1.5
vol% solid formation (17,690 gallons) plus residual solids from additional
waste transfers. Extreme “Sr values are only found in upper subsegment (HS
discharge). In addition, large amounts of transferred waste that had solids
settled out prior to their introduction were also transferred to the tank.
The *°Sr-containing volume was calculated using an estimated 2.5 vol% solids
(3,300 gal) and the supernatant as having an estimated 0.125 vol% solids
(1,000 gal).

Total Solids Volume = 62,000 gallons (235,000 L}
e . Supernatant: 4,500 gallons (17,000 L)

Calculate a volume using a slab 1.1 inches high on the Core 47 side and 2.2
inches high on the Core 49 side. (2,750 gailons/inch)*(1.1 in.)+(0.5)*(2,750
gallons)*(I.1 in.) = 4,500 gallons.

Total Waste Volume: 66,500 gallons
Check caiculated volume with tank surveillance records: 66,000 gallons

Percent Difference = 66,500 - 66,000*%100 = +0.8%
66,000

Using these volumes and a bulk density of 1.20 g/mL for the solids and

1.10 g/mL for the supernatant, masses for the various regions can be
calculated. Also, representative concentrations for the various analytes from
each of the regions can be developed.
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Figure A-1. Waste Profile of Tank 241-C-109.

Not to Scale
Core 47 . Core 49
{Waste in) {Waste out)
23m N
(75 fi) g
Liquid

FeCN Scavenged Waste
and CW, HS, Waste

FeCN Scavenged 48 cm

Supernates further
scavenged for 80¢o, 99sr

(19 in.)
Unscavenged UR and FeCN

\ Scavenged Waste —L
30ecm

N 1C Waste —7  (12in)
X

29308085.1

Dished Bottom: First decontamination cycle BiPQ, waste or
unscavenged Uranium Recovery (UR) waste.

Tank Layer 1: Unscavenged and Ferrocyanide-scavenged Uranium
Recovery (FeCN) waste.

Tank Layer 2: Scavenged supernates from BY Farm scavenged for N5
and ®°Co without ferrocyanide.

Tank Layer 3: Ferrocyanide scavenging waste, plus Coating Waste,
Hot Semiworks, and 1C Evaporator Bottoms.

Supernatant.
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Table A-2. Basis for Bulk Inventory Calculations.

Volume Mass Concentration Values Used for
(gallons) | (Mg) Inventory Estimate

Dished Bottom| 10,000 46.8 |Core 47-1D
Tank Layer 1 19,800 90.0 |Avg. Core 48-1C and 48-1D
Tank Layer 2 10,300 44.9 [Avg. Core 47-1C and 49-1C and

Tank Region

49-1D
Tank Layer 3 21,900 95.5 [Avg. Core 47-1B and Core 49-1B
Supernatant 4,500 18.7 | Liquid Composite

Total 66,500 | 303.3

Tabtes A-3 through A-7 show the concentration values used to calculate the
inventory estimates and the calculated bulk inventories for selected analytes.

Compare ICP water leach phosphorous value with IC phosphate value.

Formula weights: P: 31 ; PO>: 95

Multiplier to 3

convert P to PO, : 95 g PO,”"/g-mol = 3.1
31 g P/g-mo]

Since phosphates were used extens1ve1y in waste processing, assume all
insoluble P 1s present as PO ; subtract fusion ICP P value and add corrected
amount to PO

Phosphorous Percent Soluble:

Core 47--6,990*100 = 35.1%

19,900

n

Core 48--8,690*100 = 43.0%

20,200

Core 49--4.160*100
14,600

28.5%
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Table A-3. Bulk Inventory Basis for Energetics Analytes.

Region Volume Mass TOC  Total CN NO2 NQ3 H20
L (@ (ug/g) (ug/g) (ug/g) (ug/g) (ug/g)

Dish 39000 46800000 2200 5800 40000 38500 394000
Layer 1 ' 75000 97500000 3600 10000 51000 54800 522000
Layer 2 39000 44850000 2300 6000 42000 40300 ., 354000
Layer 3 83000 95450000 2000 3300 27000 26700 195000
Supsernatant 17000 18700000 2600 5400 71000 72000 707000
Totals 253000 303300000
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Table A-4. Calculated Inventories for Energetic Analytes.

Region Volume  Mass TOC  Total CN NO2 NO3 H20
(L) (¢ (@) (9) (9) (9) (@

Dish 38000 46800000 102960 164493 1872000 1801800 18439200
Layer 1 75000 97500000 351000 466050 4872500 5343000 50895000
Layer 2 39000 44850000 103155  17383% 1883700 1807455 15876900
Layer 3 83000 95450000 180900 253563 2577150 2548515 18612750
Supernatant 17000 18700000 48620 29587 1327700 1346400 13220900
Mass Wet Solids 236000 2.85E+08 7.48E405 1.06E+06 1.13E+07 1.15E+07 1.04E+08
Wit% 0.26 0.37 3.97 4,04 36.48
Total Content 253000 303300000 7.97E+05 1.09E+06 1.26E+07 1.2BE+07  1.17E+08
Wt% (wet) 0.26 0.36 4.17 4,24 38.59
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Table A-5. Bulk Inventory Basis for Cesium-137 and Strontium-50.

Region Volume  Mass Cs-137  Sr-90 Cs-137  Sr-90
L (g} (uCilg)  (uCug)  (C)) (Ch)

Dish 33000 46800000 950 200 44460 9360

Layer 1 75000 97500000 1190 136 116025 13163

Layer 2 39000 44850000 610 290 27359 13007

Layer 3 83000 95450000 230 2400 21954 229080

Supernatant 17000 18700000 5.6 0.1 105 2

Totals 253000 303300000 209901.7 264610.8

Heat Load (w) 990.7361 1772.892 2763.62894
Heat Load (BTU/hr) 3379.417 6059.588 9439.00661

(In Layer 3, only the value from Core 49 was used—the partition of the core
into subsegments grossly distorted the concentration after homogenization)

Compare values with method using an average of the core composite values

Cs-137 Sr-90 .
(0.082 Ci/g)" (285,000,000 g) = 233,700 Ci (0.077 Cifg}* (285,000,000 g) = 218,500 Ci
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Region

Dish
Layer 1
Layer 2
Layer 3
Supernatant

Totals

Voiume
L)
39000
75000
39000
83000
17000

253000

Mass

(@
46800000
97500000
44850000
95450000
18700000

303300000

Al
(ua/g)
32000
8600
95700
158500
160

Ca
(ug/g)
28000
23000
19700
7400
210

Fe
(ug/g)
15300
21000
13600
39500
1680

Na
(vg/g)
102600
108900
72500
47000
96900

Ni
(ug/g)

25600
34000
28400
15100

340

P
(ugig)
30100
22100
14800
5900
4200

Pb
(ug/g)
14300
600
1300
3500
0

Si
(ug/g)
22200
2600
2900
10800
70

u
(Lg/g)
5800
15600
6600
9900
0
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Region

Dish
Layer 1
Layer 2
Layer 3
Supernatant

Mass Wet Solids
Wit

Volume
L
39000
75000
39000
83000
17000

Mass

(@
46800000
97500000
44850000
95450000
18700000

2.85E+08

Al
(9
1497600
838500
4292145
15128825
2992

2.18E+07
7.64

Cs
(9)
1310400
2242500
883545
706330
3927

5.14E+06
1.81

Fe
(@
716040
2047500
609960
3770275
31416

7.14£+06
2.5

Na
o)
4801680
10617750
3251625

Ni

4486150

1812030

2.32E+07
8.14

(9
1198080

3315000
1273740
1441295

6358

7.23E+06
2.54

P

1408680
2154750
663780
563155
78540

4.79E+06
1.68

Pb

669240
58500
58305

334075

0

1.12E+06
0.39

Si

1038960
253500
130085

1030860

1309

2.45E+06
0.86

271440
1521000
296010
944955
0

. 3.03E+06
1.07

‘sask(euy d)] 404 S3LJ03UIAU] pa;elnoieg
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Table A-8. Comparison of Water Leach ICP Phosphorous Value with IC
Phosphate Value.

Water Leach P |Converted P03 value 3
Sample ICP value derived from ICcp IC PO Value Dfﬁrcent
(89/9) (49/9) (43/9) ifrerence
Core 47 6,990 21,420 22,100 3.2
Core 48 8,690 26,630 26,700 0.30
Core 49 4,160 12,750 12,800 0.40

To correct mass balance for unanalyzed hydroxide content, multiply analyte
concentration by multiplier.

Other multipliers:

Aluminum; assume aluminum is present predominantly as AT(OH);.

Formula weights: Al: 27 ; A)(OH)5: 78
Multiplier to
convert Al to A1(OH); : 78 g A1(OH)./g-mol = 2.9
27 g Al/g-mol
Iron; assume iron is present predominantly as Fe(OH),.

Formula weights: Fe: 56 ; Fe(OH),: 90

Multiplier to

convert Fe to Fe(OH), : = 1.6

20 g Fe{OH),/g-
56 g Fe/g-mol
Nickel; assume nickel is present predominantly as Ni(OH),.
Formula weights: Ni: 58 ; Ni(OH),: 92
Multiplier to
convert Ni to Ni(OH), : 92 g Ni(OH)./g-mol = 1.6

58 g Ni/g-mo]
Uranium; assume uranium is present predominantly as UQ, (OH),.
Formula weights: U: 238 ; UO,(CH),: 304
Multiplier to

convert U to UO,(OH), : 304 g UOQ,(OH),/g-mol = 1.3
238 g U/g-mol
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Total Carbon; assume carbon is present in three forms, and that the TOC and
TIC assays did not consume or measure any cyanide:
Organic carbon (as acetate): C H§0£
Inorganic carbon (as carbonate): 663'
Formula weights: C: 12 ; C,H,0,7: 59; C05%": 60

Multipiier to

convert TOC to acetate: 59 g C,H.,0,"/g-mol = 2.45
24 g C/g-mol
Multiplier to convert
TIC to carbonate: 60 g CO., /g-mol =5
12 g €/g-mol
Potential endotherm in 241-C-109: o
0"C

30
Consider the reaction 2A1(OH)y ----- > A1,0; + 3H0
AH, (kcal/mol) 2(-304.2 ) -407.95 3(-32.57)
thus, the heat of reaction, AH . = AHy oo,y - OH

f reactants

= (-407.95) + (-97.71) - (-608.4)
= +102.74 kcal

Therefore, AH for each g-mol AI(OH); is 102.74/2 or 51.37 kcal/g-mol Al(OH),.
Now, at 100,000 ug Al/g wet sample = 10 wt¥% Al

(0.1 g Al/g wet sample)*(g-mol Al(OH)./27 g Al)*(51.37 kcaT/g—mo] Al (0H)4)*
(4181 J/kcal) = 795 J/g wet sample @ 10 wt¥ Al

The degree of agreement between the calculated and average observed endotherms
indicates that they are not solely attributable to the decomposition of
aluminum hydroxide. However, it appears that this reaction may contribute
significantly to the observed endothermic behavior.
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Table A-9. Energetic Calculations.

Calculated A1(OH)s| Avg. Measured | Theoretical
Sample Wtx Al Endotherm Heat of Reaction % Total
(J/9) (J/9) Endotherm
47-1B 13.2 1049 1555 67.5
47-1C 12.0 954 610 156.4
47-1D 3.2 254 508 50.0
47-Comp. 11.7 930 1084 85.8
49-18 18.5 1471 2188 67.2
49-1C 9.6 763 565 135.0
49-1D 7.1 564 305 184.9
49-Comp. 12.7 1010 922 109.5

Typical process stream calculations:

Coating Waste:

Calculate wt% (ug/g) composition of Al, Si, and U.

Use

composition given on pg. 8 of HW-23043 and reduce water content.

7,900 1bs total

6,154 1bs water
1 1b uranium

1,746 1bs solute

Assume

remain in so

Analyte mass: 27 1b A1/78 1b AT(OH)Z*GOG.Q 1bs Al1(OH)
28 1b 51799 1b NaSiO; 7

82 16 NaA10,/mol

APP A-14

27 1b NasSio, = 7.

1b Si

638 1bs NaAl0Q, (in solute)

NaA}O%_---> AT(0H); (s); NaSiOg precipitates as well, other compounds
ution.

Dry solids mass = 638 1bs NaA10,*78 1b A1(QH)./mol + 27 1b NaSi0; = 633.9 1b

= 210 1bs Al
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TANK-C109

ASSUME 1% SLUDGE FORMATION

SUPERNAT GALLONS GAL. GAL. GAL. TOTAL MOLES MOLES MOLES

TANK CHG. SUPERNATE SLUDGE  TRANSFER AMT,IN SUPERNAT SLUDGE SUPER. SLUDGE WASTE Fe(CN)e Fe(CN)6 Fe{CN)E DISPOSAL
DATE (GAL) {GAL} {GAL) AMOUNT TANK . TRANS. TRANS. REMAIN. REMAIN. REMAIN. REMAIN. PRECIP'D TRANS. LOCATION
INIT, 148831 138831 10000 0 138831 0 0 138831 10000 148831 0 0 0 c109
2-1956-1 384206 380364 3842 437913 519195 437913 0 B1282 13842 95124 72N 2n 0 BC-4
4-1956-1 449618 445122 4496 488176 526404 488176 0 38228 18338 5B8566 11526 4255 0 BC-9
8-1956-3 319483 316288 3195 o 354516 0 0 354516 21533 376049 17672 6046 0
10-1957-2 169381 167687 1694 455814 522203 455814 0 86389 23227 89616 20777 3206 0 BC-15
13-1857-2 451683 447166 4517 462700 513555 462700 0 50856 27744 78599 20777 0 0 8C-17
16-1957-83 234104 231783 2341 245121 282618 245121 0 37497 30085 67582 20777 0 0 BC-6
19-1857-3 47377 468980 4737 446175 506477 446175 0 60302 34822 95124 29742 8965 0 8C-20
23-1957-3 253383 250849 2534 256138 311151 256138 0 §5013 37356 92369 34538 4795 0 BC-21
27-1957-4 448929 444440 4489 432404 499453 432404 0 €7049 41845 108894 47282 12744 0 BC-22
TOTALS 3333335 3291490 41845 3224441 4174404 3224441 0 67043 41845 108894 47282 47282 0

TOTAL LIQuID SOLID

TANK VOL {GAL)= 108894 67049 41845
Tank Ht.(FT)= 3.9 2.0 1.8

"01-v 3lqel
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TANK-C109 3 D e
POST-1957 TRANSFERS (196 BASIS) '

: SUPERNAT GALLONS GAL.
TANKCHG. TRANSFER SUPERNAT SLUDGE TRANSFER AMT.IN

GAL.

GAL.

GAL.

SUPER. SLUDGE SUPER., SLUDGE WASTE

DATE (GAL) FROM (GAL) {GAL) AMOUNT  TANK TRANS. TRANS. REMAIN, REMAIN. ACCUM.

19574 108894 67049 41845 67049 0 67049 41845 108884.0
19598-2 261000 105C 260674 . 328 327723 0 327723 42171 369894.0
1959-3 154000 105C 153808 193 481530 0 481530 42364 523894.0
1960-4 6000 LINE 6000 487530 0 487530 42364 529894.0
1962-2 21000 HS 20475 525 137000 508005 137000 0 371005 42889 413894.0
1962-4 58000 HS 56550 1450 427555 0 427565 44339 471894.0
1864-2 35000 HS 34128 875 461680 0 461680 45214 506894.0
1965-2 19000 HS 18625 475 480205 0 480205 45689 525894.0
1966-2 13000 108C 12984 16 493189 0 493189 45705 638894.0
1970-1 18000 203C 18976 24 397000 512165 397000 0 116166 45729 160894.0
1970-2 375000 110C 374531 469 489697 0 489697 46198 535894.0
1975-3 o 364000 489697 364000 0 125697 46198 171894.0
1976-1 0 LEVEL ADJ. ' 121000 125697 121000 0 4697 46198 50894.0

1876-1 END OF MODELING--TANK REMOVED FROM SERVICE

TOTAL LIQUIDS  SOLIDS

TANK VOL (GAL)= 50894.0 4696.5 46197.5
Tank HL.(FT)= 2.2 0.1 2.0

“T1-v @1q9e)
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TANK-C109
ASSUME 1.5% SLUDGE FORMATION
SUPERNAT GALLONS GAL. GAL. GAL. TYOTAL  MOLES MOLES MOLES

TANK CHG. SUPERNATE SLUDGE  TRANSFER AMT.IN SUPERNAT SLUDGE SUPER. SLUDGE WASTE Fe(CN)8 Fe(CN)6 Fe{CN)E DISPOSAL
DATE (GAL) (GAL) (GAL) AMOUNT TANK TRANS. - TRANS. REMAIN, REMAIN. REMAIN, REMAIN. PRECIP'D TRANS. LOCATION
INIT. 148831 138831 10000 0 138831 0 0 138831 10000 148831 0 0 0 C1o9
2-1956-1 384206 378443 5763 437913 517274 437919 < /] 79381 15763 95124 727 271 0 BC-4
4-1956-1 449618 442874 6744 488178 622235 488176 0 34059 22507 56566 11526 4255 0 BC-0
8-1956-3 319483 314691 4792 0 348749 0 0 348740 27300 376049 17572 6046 0
10-1957-2 169381 166840 2541 455814 515590 455814 0 59776 29840 89616 20777 3208 ¢ BC-15
13-1957-2 451683 444908 8775 462700 £04603 462700 0 41983 36816 78599 2077 0 0 BC-17
16-1957-3 234104 230592 3512 245121 272576 245121 0 27456 4027 67582 20777 0 0 BC-6
19-1857-3 473717 466611 7108 448175 494066 448175 0 47891 47233 95124 29742 8965 0 BC-20
23-1957-3 253383 248582 aso 256138 297473 256138 0 41335 51034 52369 34538 4795 ¢ BC-21
27-1957-4 448929 442195 6734 432404 483530 432404 0 51126 67768 108834 47282 12744 0 BC-22
TOTALS 3333335 3275567 67768 3224441 4095008 3224441 0 51128 57768 108894 47282 47282 0

TOTAL uQuIio SCLID

TANK VOL (GAL)= 108894 51128 57768
Tank HL(FT}= 3.9 1.5 24

“¢l-v @|qeL
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TANKCHG. TRANSFER SUPERNAT SLUDGE TRANSFER AMT. IN SUPER. SLUDGE SUPER. SLUDGE WASTE
DATE {GAL) FROM (GAL) {GAL) AMOUNT  TANK TRANS. TRANS. REMAIN. REMAIN. ACCUM,
19574 108894 51126 57768 51128 0 51126 57768 108894.0
1959-2 261000 105C 260674 326 311800 0 311800 58094 3698954.0
1959-3 154000 105C 153808 193 465607 0 465607 58287 523894.0
1960-4 6000 LINE 6000 471607 0 471607 58287 529894.0
1962-2 21000 HS 20475 525 137000 492082 137000 0 355082 58812 413894.0
1962-4 68060 HS §6550 1450 411632 1] 411632 60262 471894.0
1864-2 35000 HS 34128 875 445757 0 445757 61137 £606894.0
1965-2 19000 HS 18525 475 464282 0 464282 61612 525894.0
1966-2 13000 t08C 12984 16 477266 0 477266 61628 538894.0
19701 19000 203C 18976 24 397000 496242 397000 0 99242 61652 160894.0
1970-2 375000 110C 374531 469 473774 0 473774 62121 535894.0
1975-3 0 364000 473774 364000 0 109774 62121 171884.0
1976-1 0 LEVEL ADJ. 105000 109774 105000 0 4774 62121 66894.0
1976-1 END OF MODELING--TANK REMOVED FROM SERVICE
TOTAL LIQUIDS  SOLIDS
TANK VOL (GAL)= £66894.0 4773.5 62120.5
Tank Ht.(FT)= 2.6 0.1 2.5

TANK-C109

POST-1957 TRANSFERS (1.5% BASIS)

SUPERNAT GALLONS GAL.

GAL.

GAL.

GAL.

"El-V 2lqEl
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Table A-14. Typical Analyte Concentrations in Precipitated Coating
Waste
Analyte |Mass Dry Wt% |Concentration { Concentration | Concentration
(1bs) (ug/dry g) @ 40% water @ 50% water
(B9/9) (19/9)
Al 210 33.1 331,000 198,600 165,500
Si 7.66 1.21 12,100 7,260 6,050
U 1 0.16 1,600 960 800

Neutralized 1C Waste:

use composition given on pg. 32 of HW-23043.

18,500 1bs total
3,087 1bs solute

15,413 1bs water
3.81bs U

44 1

Assume NO;" is present as NaNO;, thus

bs Bi

73.8 1bs SiF*>

1bs*453.6

579.
2,040 gal*3.785 L/gal*62 g/mol

Calculate wt%¥ (ug/g) composition of Bi, Si, F, and U;

802.5 1bs Na
1,579 1bs NO5’

= 1.5 M NOy°

1.5 M is not near saturation; water and nitrate do not precipitate.

The amount of sodium that precipitates is that not associated with the

nitrate: Total moles of sodium = 802.5 1bs/23 1b/mol or 34.9 1b-mol

1.579.5 Tbs NO," = 25.5 1b-mol nitrate (and associated sodium)
62 1bs/mol

Mass of sodium nitrate in solution: 25.5 1b-mo1*85 1b/1b-mol= 2,165 1bs.

Therefore, (34.9-25.5 1b-mo1)*23 1b Na/1b—ﬁol = 216.7 1bs Na precipitate and
585.8 1b Na remain in solution. If everything but the NaNO; and water

precipitate, then the mass of dry solids = 18,500 1bs - (15,413 + 2,165) =

922 1bs.

Table A-15. Typica] Analyte Concentrations in Precipitated 1C Waste.

Analyte Mass Dry Wt% Dry Concentration | Concentration
Concentration| @ 50 water @ 40% water
(£g/9) (ng/wet g) (ug/wet g)
Bi 44 4.77 47,700 23,850 28,620
Si 14.6 1.58 15,800 7,900 9,480
F 59.2 6.42 64,200 32,100 38,520
v 3.8 0.41 4,100 2,050 2,460
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UR waste: Calculate wt¥ (ug/g) composition of U at a density of 1.3. Use
flowsheet composition given on pg. 5 of HW-30399. Uranium concentrations will
range from 0.007 to 0.14 M (flowsheet concentrations to 20x flowsheet) or
approximately 1.67 to 33.32 g U/L.

Wt% uranium would then range from 1.67*%100/1,300 = 0.128% or 1,280 ug/g, to

33.32*100/1,300 = 2.5% or 25,000 ug/g. These would increase by 25 to 30%, if
the original water content of the sludge (~75 wt%) decreased to 50 wt%.
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APPENDIX B

STATISTICAL INTERPRETATIONS
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Westinghouse Internal
Hanford. Company Memo
From: Process Laboratories and Technology 12100-PL.793-070.R1

Phone: 3-4034/3-2779 T6-07/T6-07
Date: August 18, 1993
Subject: STATISTICAL ANALYSIS OF TANK 241-C-109 DATA

To: B. C. Simpson R2-12
cc: H. Babad R2-78 J. P. Sloughter T6-07
G. L. Borsheim R2-11 R. L. Weiss H4-23
D. A. Dodd T6-50 T. L. Welsh T6-07
J. G. Hill R2-12 W. I. Winters T6-50
D. A. Reynolds R2-11 KMR:LJ File/LB
L. M. Sasaki R2-12

Attached to this revised letter is a report entitled "Statistical
Characterization Report. for Single-Shell. Tank 241-C-109.* Format and minor
text revisions were made to the original report issued August 13, 1993. The
minor text changes are redlined. This report contains a statistical
evaluation of the core composite data and the subsegment data from the three
core samples. The six topics addressed are as follows:

. Estimates of the mean concentration of analytes found in the
single-shell tank and confidence intervals (CI) on the mean

. The results of a statistical test used to determine the Analytical
Chemistry Laboratory's (325 Building) ability to homogenize solid
core segments

. The results of a statistical test conducted to determine the
Analytical Chemistry Laboratory's ability to construct core
composite samples from subsegment samples

. Estimates of the spatial variance and the analytical measurement
variance and their Cls

. The results of a multiple comparisons procedure appiied to the
core composite samplies and to the subsegment samples

. A comparison of results from tanks 241-C-109 and 241-C-112.

Aok 7 Gl

K. M. Remund, Advanced Statistician . Jensemw; Principal Statistician
~Process Laboratories and Technology Process Laboratories and Technology

11u
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Attachment to 12100-PLT93-070.R1

Statistical Characterization Report
for
Single-Shell Tank 241-C-109
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Statistical Characterization Report
for
Single-Shell Tank 241-C-109

1.0 SUMMARY

This report contains the results of a statistical analysis of data from three
core samples taken from Single-Shell Tank (SST) 241-C-109 (C109). Six topics
are addressed; they are given in Section 3 through Section 8.

Section 3 contains mean concentration estimates of several analytes found in
the SST. In addition, 95% confidence intervals (CI) on the mean concentration
are also given.

Section 4 contains the results of a statistical test conducted to determine
" the Analytical Chemistry Laboratory's (325 Building) ability to homogenize
solid core segments. For 16 out of 17 analytes, the variability between
sampling locations could not be distinguished from zero. Based upon the
results of this statistical test, it is concluded that the Analytical
Chemistry Laboratory can satisfactorily homogenize core segments.

Section 5 contains the results of a statistical test conducted to determine
the Analytical Chemistry Laboratory's ability to construct core composite
samples from subsegment samples. Based upon the large spatial variance and
analytical measurement variance, the comparisons showed that the Analytical
Chemistry Laboratory's ability to construct core composite sampies was
satisfactory.

Section 6 contains estimates of the spatial variance (variability between
cores) and the analytical measurement variance associated with the core
samptes. CIs are given for both variances. In 28 out of 33 cases (85%) the
spatial variability in the core composite samples was Targer than the
analytical error.

Section 7 contains the results of a multiple comparisons procedure applied to
the means from the core composite samples and to the means from the subsegment
samples. There is no significant difference between the composite sample
means for 12 of 31 (39%) analytes and they were significantly different in 19
out of 31 (61%) of the analytes. The comparisons between the subsegments
indicates "layering® within the waste for some analytes and that the waste is
very heterogeneous for other analytes. These types of heterogeneity influence
the magnitude of the spatial variability.

Section 8 contains a comparison of results from tanks 241-C-109 and 241-C-112.
Due to large spatial and analytical measurement variances and small degrees of
freedom, the mean concentrations cannot be distinguished from each other. For
most of. the analytes, the spatial variances cannot be distinguished from each

other. Even though the analytical results came from the same laboratory, the

analytical measurement variances were significantly different for 13 out of 28
(46%) analytes.
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Appendix 1 contains tables listing the data and the summary statistics.
Appendix 2 contains plots of the core composite sample data and subsegment
data. Appendix 3 contains plots comparing core composite sample data and
subsegment sampie data from SSTs 241-C-109 and 241-C-~112.

2.0 INTRODUCTION

Three cores samples (cores 47, 48 and 49) were taken from SST C109. Core 47
consisted of three subsegments (denoted by B, C, and D), core 48 consisted of
two subsegments (C and D), and core 49 consisted of three subsegments (B, C,
and D). The results from a chemical analysis of the cores was used to obtain
estimates of the mean concentration of analytes in the waste. In addition,
the data was used to evaluate the Analytical Chemistry Laboratory's ability to
homogenize subsegments and to construct core composite samples.

Composite samples for each core were made from homogenized subsegment waste.

A single composite sample was also made from all of the drainable liquids.

Two samples, the sample and the duplicate, were taken from each core composite
and subsegment. For the homogenization test, additional samples and duplicate

samples were taken from two different locations within the mixed waste.

"~ The laboratory results frdm SST €109 samb]es are given in Appendix 1. The

analytes of interest from the Inductively Coupled Plasma (ICP) analyses are
Al, Ca, Fe, Na, Ni, Pb, U, and P. The ICP acid digestion, and water leach
analyses were performed on all composite core samples. The ICP KOH/Ni fusion
dissolution analyses were performed on the subsegments and core composite
samples. Radio chemistry results on core composite samples were reported for
U, Pu-238, Pu-239/240, Cs-137, and Sr-90. A radio chemistry analysis on the
subsegments was performed only for Cs-137 and Sr-90. Each subsegment and core
composite sample was analyzed by Ion Chromatography (IC) for Chloride,
Nitrite, Nitrate, Phosphate, Sulfate and Total Cyanide (CN). 1In the tables in
Appendix 1, the data is identified by the analysis method and the type of
dissolution; e.g., the notation ICP.acid.Al refers to aluminum, acid digestion
and an ICP anaiysis.

The core composite sample results are contained in Table 1. Table 2 contains
the subsegment sample results. The homogenization test results are contained
in Table 3.

Appendix 2 graphicaliy shows the data for core composite and subsegment
samples.

A close examination of the data revealed several potential anomalies. These
potential anomalies are listed below.

The following core composite sample results were an order of magnitude
different (lower or higher) than other core composite sample results:

e core 48 ICP.acid.Al
e core 47 ICP.acid.Pb
e core 48 ICP.fusion.Al
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* core 49 ICP.fusion.Pb
* core 47 Total Alpha Pu
e core 47 Pu-239/240.

Core 47 subsegment 1B result for ICP.fusion.Fe is at least twice as
Targe as its duplicate and all other subsegment data for this analyte.

The following subsegments were different by an order of magnitude (lower
or higher) than other subsegment results:

¢ core 48 subsegments 1C and 1D for ICP.fus.Al
e core 47 and 48 subsegment 1B for fusion.Sr-90,

There is no direct evidence that the results noted above are due to analytical
measurement errors. Consequentiy, the statistical analysis was performed on
the data as it is reported in Tables 1, 2, and 3.

3.0 MEAN CONCENTRATION ESTIMATES

A task outlined in the Waste Characterization Plan was to estimate the analyte
concentrations in the waste (Winters, 1990). They were estimated by computing
mean concentrations and 95% CIs on the mean concentrations. The estimate of
the inventory and CI on the inventory of an analyte, are the corresponding
mean concentration estimates and CI multiplied by the volume of waste in the
tank. These estimates are not given in this document.

Table 1 contains the core composite data used to compute the mean
concentration estimates and the CIs. The "NA" symbol indicates that the data
was not available. Results for Pu-238 were not included in any computations
since there were no duplicate measurements.

3.1 Statistical Methods

The concentration estimates are given in the form of 95% CIs on the mean
concentration. It is assumed that each sample and duplicate sample are
analyzed independently of one another. The two analytical results are used to
estimate the analytical measurement error. Due to the hierarchical structure
of the data, the analytical measurement error (variance) alone is not the
appropriate error term to use in computing the CIs. A linear combination of
the analytical measurement variance and spatial variance is the appropriate
variance of the mean for the CIs. The variance of the mean is obtained from
the analysis of variance (ANOVA) corresponding to the model. Brown (1993),
Appendix G, gives the formula used to calculate these CIs.

3.2 Statistical Results

Table 4 contains the summary statistics, by analyte, for ICP acid digestion,
ICP water leach, ICP KOH\Ni fusion dissolution, radio chemistry, and IC
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analyses. Table 5 contains the summary statistics for the drainable liquid
composite sample. The summary statistics are as follows:

y arithmetic mean of the concentration data
a%(¥) estimated variance of ¥

df degrees of freedom associated with BMS
95% LL lower 1imit to the 95% CI on the mean

95% UL upper limit to the 95% CI on the mean.

For some analytes the lower confidence 1imit (95% LL) was negative. Since
concentrations are strictly greater than or equal to zero, any negative 95% LL
values were set equal to zero.

The estimated variance of the mean (&2(3)) is very large relative to the mean
for most of the analytes. One cause is the large differences between core
composite samples; i.e., the large spatial variability. In Section 7 on
multiple comparisons, the analytical results from the core composite samples
are compared to determine if there are significant differences between cores.
A similar comparison is also made between the subsegments within each core.

4.0 HOMOGENIZATION TEST

A second task in applying the Waste Characterization Plan was to evaluate the
ability of the Analytical Chemistry Laboratory to homogenize subsegments
(Winters, 1990).

Subsegment D, from cores 47, 48, and 49, was homogenized and arbitrarily
divided into two parts. One subsample was obtained from each part. Two
aliquots were taken from each subsample and prepared for chemical analysis.
The homogenization test data is given in Table 3. ICP acid digestion and
fusion dissolution analyses were conducted on the samples for the following
analytes: Al, Ca, Fe, Na, Ni, Pb, U, and P. Acid digestion and fusion
dissolution results were also reported for Cs-137.

4.1 Statistical Methods and Resuilts

Due to the nested structure (subsamples within subsegments, aliquots within
subsamples) within the data, a hierarchical statistical model was fit to the
data. Snedecor (1980), page 284, contains a description of this type of
model. Such a model is used to estimate different components of variability
in the data. The total variability in the data is decomposed into three
components: one due to variability between subsegments, one due to the
variability between samples taken from different locations on each homogenized
subsegment (o%(L)), and one due to the analytical measurement error (az(A)).
The analytical measurement error accounts for the differences between aliquots
taken from the same location.
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To quantify the contribution of o?(L) (the component of variability due to
location or homogenization), the ANOVA corresponding to the hierarchical model
is used. From the ANOVA, a test is constructed to determine if aI(L) is
significantly different from zero. If 0°(L) is significantly different from
zero, then the laboratory does not have the ability to homogenize subsegments.
If az(L) is not significantly different from zero, then the laboratory has the
abiljty to homogenize core segments. The reason underlying this test is that
if o“(L)=0, then the mean concentrations at the two locations are equal; i.e.,
there is no difference between the locations.

The F-test is used to determine whether or not o?(L) is significantly
different from zero. The p-values (the attained level of significance) from
these tests are given in Table 6. If the p-value is smaller than 0.05, then

(L) is significantly different from zero. In all but one case (ICP.fus.Al),
the p-valugs are greater than 0.05. This indicates that, except for this
analyte, o°{L) is not significantly different from zero. Based upon the
results of this statistical test it can be concluded that the Analytical
Chemistry Laboratory can adequately homogenize core segments. However, it
needs to be noted that there is no reference value available to check the
degree of homogenization; e.g., the differences between the results from the
two Tocations must be within 2% of each other. If such a value were
available, the conclusions in this section may not be valid.

5.0 COMPARISON WITH A SIMULATED CORE COMPOSITE MEAN

Another task in applying the Waste Characterization Plan was to evaluate the
ability of the Analytical Chemistry Laboratory to make core composite samples
from the individual subsegment samples (Winters, 1990). Core composite
samples were formed by combining samples from each homogenized subsegment in
the core. Each subsegment is weighted equally in the composite sample. Each
core cozposite sample was homogenized, and a sample and duplicate sample
obtained.

A simulated core composite (SCC) was statistically constructed to compare to
the corresponding core composite sample results. For each analyte and each
core, the SCCs are the average of the subsegment results. This mean or
average is denoted by ¥(w). The "w" is used since ¥(w) is generally a
weighted mean. However, in this case the weights are all equal.

5.1 Statistical Methods

For each core, the comparison between the core composite and SCC is made by
computing a CI on the difference between the SCC and the mean of the composite
sample. If zero is in the CI, then the Taboratory can construct core
composite samples satisfactorily (i.e., the SCC cannot be statistically
distinguished from the core composite sample mean). If zero is not in the CI,
then the laboratory cannot satisfactorily construct core composites (i.e., the
two means are significantly different).
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The CI for this difference is (LL, UL) where the lower limit (LL) and upper
Timit (UL) values are

LL = [¥(w)-¥(c)] - t\lﬁz[y(w)-Y(C)] » UL = [y(w)-y(c)] + t\(gz[Y(w)-Tf(C)]

where
¥{c) mean of the two core composite sample results,
t percentile point from Student's t distribution, and
&Z[V(w)—y(c)] is the estimated variance of the difference.

Appendix 4_outlines the method used to calculate OZ[Y(W)—F(C)]. The estimated
variance #2[F(w)-7(c)] was calculated using the data from all three cores
because of the limited information available. The degrees of freedom (df)
associated with "t" were calculated using Satterthwaite's approximation
(Snedecor, 1980, page 228). In the above equations, §(w) and y(c) should have
a subscript indicating the core. To simplify the notation, the subscript is
omitted.

5.2 Statistical Results

Table 7 contains summary statistics for all three cores, including the 95% CI
interval (LL,UL) on the difference between the SCC mean and the core composite
mean. A1l of the CIs on this difference contain zero. This indicates that
there is no significant difference between the two means (i.e., the Analytical
Chemistry Laboratory can construct a core composite sample from material
similar to cores 47, 48, and 49). _

It needs to be pointed out that (see Table 7) the CIs on th? difference
betyeen the two means tend to be rather wide; i.e., LL= -10° or -10* and UL=
+10° or +10*. The reason for this extreme width is the magnitude of the
estimated variance “[§(w)-¥(c)] and the small number of degrees of freedom.
Since the variance is large, the two means would have to be extremely
different before zero in not in the CI.

6.0 THE SPATIAL VARIANCE AND ANALYTICAL MEASUREMENT VARIANCE

Using the hierarchical structure of the core composite data, the spatial
variance and the analytical measurement variance can be separated from each
other. The spatial variance is a measure of the variability between cores.
The analytical measurement variance includes, among other things, the segment
homogenization error, the sample handling error, and the chemical analysis
error. This variance is a function of the difference between the analytical
results on the sample and duplicate sample.

The size of the analytical measurement variance and the spatial variance,
along with the degrees of freedom, determine the width of the CIs. The
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estimate of the variance of the mean is a linear function of the spatial and
analytical measurement variances. To help judge the magnitude of these two
variance components, this section contains explicit estimates of each variance
and CIs for each variance.

6.1 Statistical Methods

Estimates of the spatial variance (62(5)} and analytical measurement variance
(62(A)) ware obtained for each analyte using Restricted Maximum Likelihood
Estimation. This method is discussed by Harville (1977). Snedecor (198 2
page 246, outlines methods that can be used to obtain CIs for &%(S) and g (A).
These CI techniques are the mgthods used in this document. The CI for 6°(S)
is approximate. The CI for 6°(A) is exact.

6.2 Statistical Results

Tables 8 and 9 contain estimates of the variance components and their 95% Cls.
For 85% of the analytes (28 out of 33), the estimates of spatial variance are
larger than those for the analytical error. This large spatial variability
contributes to the extreme width of the CI for the mean concentrations, and
the CI on the difference between the synthetic core composite and the core
composite sample.

Section 8 contains estimates of relative standard deviations of the mean, the
analytical measurement variance, and the spatial variance._ In add1t1on
Section 8 also contains estimates of the contribution of 8%(A) and & (S) to
the total variance,

7.0 MULTIPLE COMPARISONS: CORE COMPOSITE SAMPLES AND SUBSEGMENT SAMPLES

A group of statistical methods known as multiple comparisons can be used to
determine whether or not there are significant differences between core
composite samples and between subsegment samples. These differences will aid
in determining heterogeneity or layers within the waste. In addition, if
significant differences exist between the core composite samples or the
subsegment samples, then this will help explain the extreme width of the Cls;
i.e., it will help explain the Targe spatial variability.

7.1 Statistical Methods

The multiple comparison procedure known as Tukey's Honestly Significant
Difference (HSD) (Petersen, 1985, page 78) was used. The HSD procedure
determines if there are significant differences between core composite samples
and between subsegment samples. The core composite samples and subsegment
samples that are not significantly different from each other can then be
grouped together,

7.2 Statistical Results

For each analyte, HSD comparisons were made between the means of the core
composite samples. These comparisons, along with the means for each core
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composite sample, are contained in Table 10. The symbols a and B are used to
indicate groupings. The means of core composite samples with the same symbol
cannot be statistically distinguished from each other. Core composite samples
with different symbols are significantly different from each other. For a
given analyte, the core composite samples with an a have a smaller mean
concentration than the core composite samples with a 8. A dash indicates that
no data was available. The HSD comparisons are not based upon the spatial
variance; they are however, a function of the analytical measurement variance.

From Table 10, it is evident that the mean concentration of 12 out of 31 (39%)
analytes are not significantly different between the cores. That is, for
these analytes there is no evidence of heterogeneity within the waste. For
the remaining 19 (61%) analytes there is a significant difference between the
mean concentrations. This indicates significant heterogeneity or spatial
variabitity within the waste. These significant differences inflate the
between core variance (spatial variance). This inflated variance helps
explain why the Cls are so wide.

Examples of the interpretation of the HSD comparisons are as follows. In
Table 10, Al (ICP.acid) has an a for core 48 and a 8 for core 47 and 49. That
is, the mean concentration of Al in core 48 is significantly different from
the mean concentration in core 47 and 49. The mean concentration of Al in
core 47 and 49 cannot be distinguished from each other. Another example is U
(1CP.acid)}. In Table 10, core 48 has a B, core 49 has an a, and core 47 has
an aB. That is, the mean concentration of U for core 48 is significantly
different from the mean concentration in core 49. Core 47 has both symbols «a
and B. So that the mean concentration of U is not significantly different
from the mean concentration in core 48 and it is not significantly different
from the mean concentration in core 49,

There were three subsegment samples from cores 47 and 49 (denoted by B, C, and
D) and two from core 48 (denoted by C and D). The relative location of the
subsegments are given in the following table.

Core 47 48 49
Subsegment B B
C C C

D D D

Tukey's HSD procedure was also used to make comparisons between the individual
subsegment means. These comparisons, along with subsegment means, are given
in Table 11. For a given analyte, the relative locations of the subsegments
have the form given in the above table. The symbols used to denote groupings
of means concentrations are «, 8, v, §, ¢, and ¢. A dash indicates no data was
available. The interpretation and ranking of the groupings is identical to
that given for Table 10.
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The results given in Table 11 appear to be complicated. A partial explanation
is as follows. The multiple comparisons indicate that the three subsegments
between cores 47 and 49 match for Na, Pb, Chloride, Nitrate, Phosphate, and
Cs-137. Subsegments B and D match between cores 47 and 49 for Fe, Nitrite,
Sulphate and Total CN. Subsegments C and D match between cores 47, 48, and 49
for Fe and Sr-90. This is some evidence of "layers" in the waste. The
multiple comparisons for the other analytes indicate waste heterogeneity. As
was stated above, such differences inflate the spatial variance. There may be
patterns in Table 11, other than those indicated, showing "layers" within the
waste.

8.0 COMPARISON OF RESULTS: SST 241-C-109 and 241-C-112

This section contains a comparison of summary statistics computed from core
composite data from tanks C109 and C112. The comparison is made on the mean
concentration, the analytical measurement variance, and the spatial variance.
Comparisons are also presented for the relative standard deviations and the
two variances as a percent of the total variance.

Appendix 3 contains graphs of the data from C109 and Cl112. Each core from
C109 is paired, according to location within the tank, with a core from C112.
The following table shows this pairing:

Tank Pair 1 Pair 2 Pair 3

€109 Core 49 | Core 48 | Core 47
Cl12 Core 34 | Core 35 Core 36

To aide in the visual comparisons between the two sets of data, paired cores
have the same symbols.

8.1 Comparison of Mean Concentrations

For the analytes of interest in tank C109, the mean concentratien (¥) and the
variance of the mean concentration (62(y)) are presented in Table 4. These
summary statistics are based upon the core composite data. Tables 7 to 11 of
Appendix B, Simpson (1993), contain the corresponding results for tank Cll2.

To test the equality of the mean concentration of the analytes in the two
tanks, a 95% CI on the difference between the two mean concentrations was
computed. The test of equality of mean concentrations is: if zero is in the
CI, then the two means cannot be distinguished from each other at the 0.05
level of significance. If zero is not in the CI, the two means are
significantly different from each other.

A 95% CI on the difference between the mean concentrations was computed for 29

analytes. The CI was based on Cochran's approximation to the Behrens-Fisher
problem (Snedecor, 1980, page 97). Zero was in all of the intervals. Due to
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gge magnitude of the variances of the difference, &2[Y(C109)—9(Cll2)]=
[7(0109)]+&2[y(0112)] and the small number of degrees of freedom, the width
of the CIs was very large. The lower limits of th interza]s tended to be
-10° or -10* and the upper limits tended to be +10° or +10*. These intervals
are a function of both the analytical measurement variance and the spatial
variance.

The CIs were also computed using only the analytical measurement variance.
The new lower limits of the intervqgs were reduced to -10° or -10° and the
upper limits reduced to +10° or +10°. Zero was in all but two of the new Cls.
The two intervals that did not contain zero were for Al (ICP.fusion) and Pu-
239/240. Tables containing the CIs on the difference are not given in this
document.

The interpretation of these results are that, except for possibly Al
(ICP.fusion) and Pu-239/240, the mean concentration of the analytes in the two
tanks cannot be distinguished from each other. It needs to be emphasized that
these comparisons are based upon very large spatial and analytical measurement
variances and very small degrees of freedom. Consequently, such comparisons
may not be meaningful.

8.2 Comparison of Variances

The estimates of the analytical measurement variances (G2(A)) for both €109
and C112 are given in Table 12. A special form of the F-test, (Snedecor,
1980, page 98) was used to test the equality of these two variances. The
p-value, which is the attained level of significance of the F-test, is also
given in Table 12. If the attained level of significance is less than 0.025
(in this special test), then the two analytical measurement variances are
significantly different from each other at the 0.05 level of significance. In
13 out of 28 tests (46%) the analytical measurement variances were
significantly different from each other for the two tanks.

The equality of the spatial variances for the two tanks was tested in a
similar manner. Table 13 contains the estimates of the spatial variances
(6°(S)) and the p-values for the F-test. The spatial variances were
significantly different from each other in only 4 out of 25 tests (16%).
These variances were significantly different for U (ICP.acid), for Ni
(ICP.water) and for U and Pu-239/240. The spatial variances cannot be
distinguished from each other for the other analytes.

The implication of these results are that, at least for these two tanks, the
degree of heterogeneity in the waste is very similar. The analytical
measurement error is not consistent between the two tanks, even though the
data was analyzed by the same laboratory. These results must be interpreted
with caution, since there are only two degrees of freedom associated with each
spatial variance and two or three degrees of freedom for each analytical
measurement variance. The degrees of freedom are very small.

Results given in Tables 14 and 15 may help in the interpretation of the

relative magnitude of the estimates of the analytical and spatial variances.
Table 14 gives, for both tanks C109 and C112, 6°(A) and 6°(S) as a percent of
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the total ‘;{iance a552glated with apy obser‘;}ion. That is,

(A)=100%3*(A) /[6°(A)+8°(s)] and (S)=100%3°(S)/[8°(A)+0°(s)]. Generally,
5°(s) represents the greatest percentage of the total variability for both
€112 and €109.

The relative standard deviations (RSDs) for both tanks are given in Table 15.
An RSD is a standard deviation expressed as a percent of the mean
concentration. That is, RSD(¥)=100*6(%)/¥, RSD(A)=100*&(A)/¥, and
RSD(S)=100*3(S)/y. The RSD(A) appears to be relatively consistent between the
two tanks. The RSD(S) appears to be variable with no apparent pattern.
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APPENDIX 1: TABLES OF DATA AND STATISTICAL RESULTS
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Table 1. 'Core Composite Data (Units pg/g Except Radionuclides uCi/g).

Core II ‘ 47 48 49
Analysis 1 2 1 F4 ] 2
ICP.acid.AL . 7-4letl 7. 16e+04 &,24e+03. 6.60a+03 2.5%+04 7.15e+04
1CP.acid.Ca . 1.95¢+04 2.05e+04 1.4ber0l 1.07e+04 1.38e+04 1.08e+04
1CP.acid.Fe 3.520¢04 2.260v04 1.39e+04. 2.65e404 8.39e+03 5.50a+03
ICP.acid.Na 3. 15«+04 8.22e+04 B. 16e+04 9.35e+04 6.58e+04 9.68e+04
1CP.acid.N] 1.460+04 1.490004 1.63e4+04 1.47e+04 1.31e+04 1.06e+04
1¢P.acid.Pb 9.96e+03 7.25e+03 5.86e+02 6.26e+02 7.9%e+02 7.28e+02
1CP.acid.U 1.05a+04 1.10e+04 1.27a+04 1.74e+04 7.10e+03 S.43e+03
1CP.acid.P 1.84e+04 1.84a+04 1450404 1.96a+04 1.17e+04 2.7T1e+04
1CP. fusion.Al Il 1.15e+05 1.19a+05 7.28e+(3 9.86e+03 1.20e+05 1.34e+05
ICP.fusion.Ca \ 2.440t04 2.49e+04 1.68e+0k 1.85¢+04 1.45e+04 1.52e+04
ICP.fusion.Fe | 2.020+04 | 2.340404 2.38e+04 2.06e+04 9.27e+03 8.94e+03
ICP.fusion.Na 1 8.71e+04 8.72e+04 1.07e+05 9.33e+04 8.18e+04 7.13e+04
ICP. fusion.Pb | 7.22e+03 7.34e+03 NA NA 8.03¢+02 8.44e+02
1CP. fusion.it i 8.75¢+03 9.61e+03 2.78e+04 2.17e+04 5.59e+03 NA
1CP. fusion.P 2.02e+04 1.96e+04 2.22e+04 1.82e+04 1.77et04 1.14e+04
ICP.water. Al | 3.36e+02 4,88e+02 ©NA NA NA NA
I1CP.water.Ca ] 1.73e+02 1.%4e+02 5.93e+01 5.97e+01 8.92e+01 6.62e+01
1CP.uater.Fe | 8.85¢+02 a.72e+02 1.13e+03 1.15e+03 8.88e+02 9.44e+02
ICP.uater.Ne 6.60e+04 - 4.96e+04 - 8,92e+04 T.79e+04 5.89e+04 5.09e+04
ICP.uater.Ni 1.40e+02 1.09e+02 2.34e+01 2.85e+01 5.28e+01% 5.28e+01
ICP.water.P . . | 6.35e+03 T.63e+03 1. 1904 | S5.46e+03 4.42e+03 3.50e+03
Chloride 7.00e+02 7.00e+02 8.00e+02 8.00e+02 7.00e+02 7.00a+02
Kitrite 3.80e+04 4.00e+04 4.20e+04 4. 80e+04 3.80e+04 3.90e+04
Nitrate 3.70e+04 3.70e+04 4 .50e+04 5.10e+04 3.50e+04 3.70e+04
Phosphate 2.01e+04 2.40e+04 3.59e+04 1.75e+04 1.35e+04 1.20e+04
Sulfate 7.20e+03 8.10e+02 §.90e+03 9.40e+03 6.20e+03 6.90e+03
Total CN 5.60e+03 5.41e+03 1.41e+04 1.46a+04 5.54e+03 5.59e+03
U (kg/9) 1.17e+01 1.22e+01 3.00e+01 2.51e+01 7.63e+00 7.42e+00
Total Alpha (Pu) 8.05e-01 9.49e-01 6.95e-02 6.566e~02 4.59e-02 9.21e-02
Sr-90 1.05e+03 1.30e+03 1.90e+02 1.50e+02 B.77e+02 9.86e+02
Pu-238 4.40e-05 NA 7.15e-04 NA 1.11e-05 NA
Pu-239/240 8.04e-01 9.48e-01 6.95e-02 6.66e-02 6.58e-02 9.20e-02
Cs-137/vater 9.07=+00 9.40e+00 7.95e+00 1.07e+01 5.67e+00 4.95e+00
Cs-137/fusion 8.70e+02 8.77er02 1.11e+03 9.52e+02 5.47e+02 5.668+02
NA: Not available
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Table 2.. Subsegment Data (Units pg/g Except Radionuclides uCi/g).

Core “ 47 43 49

D C D B ! C D
T L P S ——

IcP.fusion.Al 1.24e+05 1.20e+05 3.27e+04 7.44e+03 9.60e+03 1.81e+05 9.75e+04 7.350+04
1.3%e+05 1.21e+05 3.13e+04 7.14e+03 1.01e+04 1.90e+05 9.40e+04 6.82e+04

1.07e+04 1.84e+04 2.38e+04 3.02e+04 1.70e+04 5.40e+03 1.89e+04 2.13e+04
1.02e+04 1.77e+04 2.72e+04 2.84e+04 1.66e+04 3.21e+03 1.82e+04 2.370+04

8.25a+04 1.540+04 T.71e+04 2.2Be+04 2.27e+04 1.38e+04 4.33e+03 1.36e+04
4 .42e+04 2.85e+04 1.35e+04 1.72e+04 1.94e+04 1.740+04 4.82e+03 1.72e+04

1cp.fusion.Ca

1CP. fusion.Fe

1CP.fusion.Na 4.97e+04 6.32e+04 1.02e+05 1.3Be+05 1.01e+05 4.57e+04 6.09e+04 9.02e+04
5.24e+04 &.29e+04 1.04e+05 9.33e+04 1.03e+05 4. 10e+04 &.48e+04 9.25e+04

ICP.fusion.Pb 5.53e+03 2.99e+03 1.86e+04% NA 7.260+02 2.07e+03 NA 6.95e+02
4,57e+03 2.78e+03 1.00e+06 NA 6_62e+02 1.90e+03 NA 7.62e+02

1cp.fusion.U 1.15e+04 6.6%e+03 6.240403 1.81¢+04 1.46e+04 8.466e+03 NA 1.15e+04
1.20a+04 5.568e+03 5.448+03 1.54e+04 1.47Te+04 7.15e+03 NA 1.32e+04

IcP.fusion.P ﬂ NA 1.26e+04 2.90e+04 2.62e+04 2.02e+04 4,57e+03 1.14e+04 2.05e+04
7.8%e+03 1.23e+04 3.12e+04 2.03e+04 2.16e+04 NA 1, 16e+04 2.03e+04

Chloride 5.00e+02 7.00e+02 8.00e+02 1.00e+03 1.00e+03 5.00e+02 8.00a+02 | B8.00e+02
6.00e+02 7.00e+02 7.00e+02 9.00e+(2 1.00e+03 5 .00e+02 8.00e+02 8.00e+02

Nitrite 2.70e+04 | 3.70e+04 4.00e+04 4.90e+04 6.90e+06 | 2.58e+04 | 4.20e+404 4.80e+04
- JI 2.88ev04 3.70e+04 3.90e+04 5.30e+04 5.00e+04 2.71e+Q4 4.50e+04 4 . 40etr04

Nitrate 2.69e+04 3.60e+04 3.90e+04 5.50e+04 5.20e+04 2.52e+04 4.00e+04 4.40e+04
2.85e+04 3.460e+04 3.80e+04 5.70e+04 5.50e+04 2.62e+04 4. 40e+04 4. 20e+04

Phosphate 7.10e+03 9 .60e+03 3.40e+04 1.50e+04 3.80e+04 4 .00e+03 8.90e+03 2.43e+04
7.50e+03 9.50e+03 5.50e+04 1.65e+04 3.40e+04 6.20e+03 8.70e+03 2.60e+04

Sulfate 4.90e+03 7.10e+03 7.60e+03 1.08e+04 1.00e+04 4.50e+03 7.902+03 7.90e+03
5.20e+03 7.10e+03 7.10e+03 1.12e+04 1.00e+04 4 .80e+(3 8.40e+03 8.30e+03

Total CN 3.05e+03 4.49e+0Q3 5.83e+03 1.10e+04 8.60e+03 3.50e+03 8. 14e+03 5.61e+03
3.03e+03 4.23e+03 5.82e+03 1.15e+04 8.71e+03 3.57e+03 8.02e+03 5.43e+03

Sr-90.fusion 4.60e+03 4.56e+02 2.31e+02 1.5%e+02 1.27e+02 2.56e+03 2.02e+02. 1.88e+02
4.51e+03 4.82e+02 1.99e+02 1.44e+02 1.14e+02 2.23e+03 1.89e+02 1,.97e+02

Cs-137.fusion “ 3.17er02 8.12e+02 9.71e+02 1.17e+03 1.22e+03 1.21e+02 5.53e+02 6.60e+02
3.57e+02 7.31e+02 9.23e+02 1.14e+03 1.11e+03 1.15e+02 1.44e+02 7.43e+02

NA: Not availablie
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Tabie 3. Homogenization Test Data (Units ug/g Except Radionuclides uCi/g).

Core ' 48 49

| Subgegment H D D D D

Location 1 2 1 2
IcP.acid.Al . 8.73e+03 9.45e+03 3. 9hav0h 4. 15ev04
7.89e+03 8.84e+03 4. 660404 4.68e+04
ICP.acid.Ca 1.53¢+04 1.73e+04 1.460+04 1.69e+04
: 1.462e+04 1.56e+04 1.948+04 1.87e+04
| 1cP.acid.Fe - 2.38e404 1.78e+04 | 8.85e+03 9.05e+03
1.37e+04 1.68e+04 1.15e+04 1.12e+04
1cP.acid.Ne. 1.16e+05 9.93e+04 1.16e+05  8.80e+04
1.21e+05 1.06e+05 8.66e+04 8.01e+04
ICP.acid.Ni ' 1.71e+04 1.94e4+06 1.19e+04 1.29e+04
1.56e+04 1.74e+04 1.56e+04 1.48e+04
ICP.acid.Pb 6.17e+02 7.23e+02 . 4.85e+02 5.08e+02
e 5.68e+02 6.45e+02 6.70e+02 6. 16e+02
1cP.acid.U - : 1.54e¢06 | 1.74e+04 9.71e+03 1.00e+04
_ , . 1.45e+04 . 1.55e+04 1.34e+04 1.21e+04
[ 1ep.acid.p b 2.69ev04 | 1.96e404 3.23e+04 2.09e+04
3,08e+04 2.29e+04 1.86e+04 1.75e+04
1CP. fusion.Al NA NA 6.17a+04 5.31e+04
NA NA 6.30e+04 5,50e+04
icp.fusion.Ca NA NA 2. 17e+04 2.14e+04
NA NA 2.22e+04 2.17e+04
IcP.fusion.Fe NA NA 1.37e+04 1.28e+04
NA NA 1.44e404 1.28e+04
1cP.fusion.Na Il NA NA 9.08e+04 9.02e+04
NA NA 9.05e+04 8.92e+04

1CP.fusion.Ni ll NA NA N/A N/A

NA NA N/A N/A
1CP. fusion.Pb NA NA 6.25e+02 6.46e+02
NA NA 7.45e+02 5.50e+02
IcP.fusion.U NA NA 1.5e+04 1.08e+04
NA NA 1.31e+04 1.18e+04
icP. fusion.P " NA NA 1.87e+04 1.95e+04
NA NA 1.91e+04 1.86e+04
Cs-137. fusion NA NA 7.13e+02 6.56e+02
NA HA 7.50e+02 7.00e+02
cs-137.acid 8.52e+00 8.81e+00 3.54e+01 1.93e+01
1.666+01 1.43e+01 4.34a+01 2.7%e+01

NA: Not available

APP B-17



WHC-EP-0668

Table 4. Concentration Estimate Statistics
(Units pg/g Except Radionuclides uCi/g).

Analyte 2 ) dt 95% LL 95% UL
1CP.acid,Al 5.43e+04 5.84e+08 2 0.00e+00 1.58e+05
1CP.acid.Ca 1.50e+04 6.38e+06 2 4.10e+03 2 .58e+04,
ICP.acid.Fe 1.87e+04 3.96e+07 2 0.00e+00 4.58e+04
1CP.acid.Na 8.36e+04 4.02e+06 2 7.49e+04 9.22a+04
1CP.acid.Ni 1,40e+04 1.23e+06 2 9.27e+03 1.88e+04
ICP.acid.Pb 3.36e+03 6.89e+06 2 0.00e+00 1.4Tev04
ICP.acid.U 1.07e+04 6.40e+06 2 0.00e+00 2.16e+04
1CP.acid.pP 1.83e+04 4.73e+05 2 1.53erll4 2.15e+04
1CP.fus.Al 8.40e+04 1.43e+09 2 0.00e+00 2.47e+05
1CP.fus.Ca 1.91e+04 B.50e+06 2 6.52e+03 3.16e+04
1CP.fus.Fe 1.77Te+04 1.85e+07 2 0.00e+00 3.62e+04
ICP.fus.Na 8.79e+04 & .64e+07 2 5.86e+04 1.17e+05
£ {CP.fus.Pb 4.05e403 1.04e+07 1 0.00e+00 4. .51e+04
ICP.fus.U 1.47er04 3. 72e+07 2 0.00e+00 4.09e+04
ICP.fus.P 1.82e+04 3,29e+06 2 1.04e+04 2.560e+04
ICP.water.Ca 1.07e+02 1.49e+03 2 0.00e+00 2.73e+02
ICP.water.Fe 9.78e+02 6.61e+03 2 6.28e+02 1.33e+03
1CP .uater Na 7 Ddarts & .82e+07 2 4 .05e+04 1.00e+05
1CP . water. M 6.9 e+01 7.98e+02 2 0.00e+00 1.91e+02
" ICP.water.? 6.61e+03 1.740+06 2 9.31e+02 1.23e+04
Chloride 7.33e+02 1.11e+03 2 5.90e+02 8.77e+02
Nitrite ’ 4.08e+04 4.36e+06 2 3.18e+04 4.98e+04
Nitrate 4 .03e+04 1.48e407 2 2.38e+04 5.69e+04
Phosphate 2.05e+04 1.68e+07 2 2.85e+03 3.81ev04
Suiphate 7.70e+03 6.48e+05 2 4.264e+(3 1.12e+04
Total CN 8.46e+03 8.3%e+06 2 0.00e+00 2.09e+04
U (x9/9) 1.57e+01 3.69e+01 2 0.00e+00Q 4.18e+01
Tot.Alpha.Pu I.41e-0 7.17e-02 2 0.00e+00 1.4%e+00
Sr-90 . T.66e+02 8.77e+04 2 0.00e+00 2.04e+03
Pu-239/240 3.47e-0 T.16e-02 2 0.00e+00 1.4%e+00
Cs-137.uater 7.95e+00 1.78e+00 2 2.21e+00 1.37e+01
Cs-137.fusion §.20e+02 1.95e+04 2 2.20e+02 1.42e+03

" Table 5. Concentration Estimates Statistics, Drainable Liquid, (Units pgg/g).

Analyte g ¥y df 95% LL 95% UL
ICP.acid.Al 1,.57er2 1.50e+01 1 1.08e+02 2.06e+02
ICP.acid.Ca 2.09e+02 1. The+( 1 1.56e+02 2.62e+02
ICP.acid.Fe 1.67e+03 5.568+02 1 1.38e+03 1.97e+03
1CP.acid.Na 9.69e+04 2.66e+01 1 9.69e+04 ?.70e+04
1CP . .acid.Ni 344042 1.03e+01 1 3.03e+02 3.84e+02
ICP.acid.Pb NA NA NA 0.00 0.00
ICP.acid.U NA NA NA 0.00 0.00
{CP.acid.P 4,20e+03 9.65e+02 1 3.80e+03 4_59e+03
Chlioride 1.30e+03 NA KA NA NA
Nitrite 7. 10e+04 NA NA NA NA
Nitrate 7.20e+04 NA NA NA NA
Phosphate 1.35e+04 NA NA NA NA
Sulphate 1,28e+04 NA NA NA NA
NA: Not available
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Table 6. Homogenization Test Statistical Results.

Analyte Test: aZ(L)IO
p-value
ICP.acid. Al 0.890
ICP.acid.Ca 0.649
1CP.acid.Fe 0.922
1CP.acid.Na 0.229
1CP.acid.Ni 0.551
ICP.acid.Pb 0.572
ICP.acid.U 0.667
ICP.acid.P 0.290
1CP. fus.Al 0.038
1CP.fus.Ca 0.389
1CP.fus.Fe 0.072
ICP, fus.Na 0.216
ICP. fus.Pb 0.506
ICP. fus.U 0.164
ICP. fus.P 0.706
- Cs-137.fus 0.214
Cs-137.acid 0.092
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Table 7. Comparison of Simulated Core Composite with the Core Composite.
Core | Analyte (W) _9te) Aryw)-e)1 | df 95% LL 95% UL
47 ICP.fus Al 9.46e+04 1.17e+05 5.79e+09 3 -2.64e+05 2.20e+05
IcP.fus.Ca 1.88e+04 2.47e+04 4. 75e+07 6 -2.27e+04 1.10e+04
. 1cP.fua,Fe 3.32e+04 2.18e+04 1.60¢+08 8 =1.77Te+04 4.05e+04
1cP.fus.Na 7.23er04 8.728+04 4 .08e+08 7 -6.27 e+ 04 3.29e+04
1cp. fus,.Pb T.41e+03 7.28e+03 3.00e+07 2 -2.340+04 2.37e+04
1cP.fus.U 7.92e+03 9.04e+03 1.15e+08 2 -4 . 72e+04 4.50e+04
jcp.fus.p 1.68e+04 1.99e+04 34107 9 -1.63e+04 1.02e+04
Chloride 6.67e+02 7.00e+02 1.500+04 5 -3.48e+02 2.81e+02
Nitrite 3.48e+04 3.50e+04 4.40e+07 7 =1.99e+04 1.15e+04
Nitrate 3.40e+04 3.70e+04 9. 11e+07 S -2.75e+04 2.16e+04
Phasphate 2.05e+0k 2.21e+04 1.16e+08 7 -2.7e+04 2.39e+04
sul fate 6.50e+03 7.30e+03 3.B0e+06 5 -5.81e+03 4.,21e+03
Total CN 4.41e+03 5.51e+03 2.89e+07 2 -2.42e+04 2.20e+04
$r-90 1.75a+03 1.18e+03 1.09e+06 9 =1.79e+(3 2.93e+03
Cs-137. fth 6,85e+02 8.74e+(2 1.19e+05 5 -1.07e+03 &.98e+02
48 ICP . fus.Al 8.56e+03 8.57e+03 6.53e+09 4 -2.24e+05 2.24e+05
ICP.fus.Ca 2.30e+04 1.77e+04 5.84e+07 7 -1.27e+04 2.35e+04
1CP.fus.fe 2.05e+04 2.22e+04 2.12e+08 8 -3.52e+04 3.18e+04
cP.fus.Na 1.09e+05 1.00e+05 5.42e+08 7 -4.52e+04 6.39e+04
IcP.fus.Pb 6.930402 NA 4.83e+07 A NA NA
1cp.fus.U 1.55e+04 2.47e+04 1.18e+08 2 -5.60e+04 3.76e+04
ICP.fus.P 2.21e+04 2.02e+04 4. 63e+07 9 -1.35e+04 1. 73e+04
Chloride 9.75e+02 8.00e+02 2.08e+04 5 -1.96e+02 5.46e+02
Nitrite 5.03e+04 4.50e+04. 5.95e+07 6 =1.36e+04 2.41e+04
Nitrate 5.48e+04 4 .80e+04 1.15e+08 5 -2.08e+04 3.43e+04
Phasphate 2.59e+04 2.67e+04 1.49e+08 8 -2.90e+04 2.73e+04
Sulfate 1.05e+04 9.25e+03 4.73e+06 5 -4.34e+03 6.84e+03
Total CN 9-95¢+03 1.44e+04 3.05e+07 3 -2.20e+04 1.32e+04
$r-90 1.36e+02 1.90e+(2 1.50e+06 9 -2.82e+03 2.72e+03
Cs-137. fu_g 1.16e+03 1.03e+03 1.49e+05 5 -8.64e+02 1. ‘I_§e+03
49 ICP.fus.Al 1.17e+05 1.27e+05 5.79e+09 3 -2.51e+05 2.33e+05
I1CP.fus.Ca 1.51e+04 1.4%9e+04 4.75e+Q7 é -1.66e+04 1.71e+04
ICP.fus.Fe 1.19e+04 9.10e+03 1.60e+08 8 -2.64e+04 3.19e+04
ICP.fus.Na 6.58e+04 7.65e+04 4.08e+08 7 -5.85e+04 3.70e+04
1CP.fus.Pb 1.36e+03 8.23e+02 3.45e+07 3 -1.82e+04 1.92e+04
Icp.fus.U 1.24e+04 5.59e+03 1.18e+08 2 -4 .00e+04 5.36e+04
1CP. fus.P 1.27er0b 1.46e+04 3.41e+07 9 =1.57e+04 1.08e+04
Chioride 7.00e+02 7.00e+02 1.50e+04 5 -3.14e+02 3.14e+02
Nitrite 3.83e+04 3.35e+04 4,40e+07 7 -1.59e+04 1.55e+04
Nitrate 3.59e+04 3.560e+04 9.11e+07 5 -2.36et04 2.54e+04
Phosphate 1.34e+04 1.28e+04 1.16e+08 7 -2.49e+04 2.61et04
Sulfate 6.97e+(3 6.55e+03 3.80e+06 5 -4.5%e+03 5.43e+03
Total CN 5.71e+03 5.62e+03 2.8%9e+07 2 -2.30e+04 2.32e+04
$r-90 9.28e+02 9.32e+02 1.09e+06 9 -2.35e+(3 2.36e+03
Cs-137.fus 3.8%e+02 5,57e+02 1.19e+(5 5 ~1.05e+03 7.19e+02
NA: Not available
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Table 8. 95% Confidence Interval on o?(A), Analytical Error Variance.

Analyte 2wy dt 95% Lt 95% UL
ICP.acid.Al 1.00e+08 3 3.21e+07 1.396+0%
1CP.acid.Ca 1.91e+06 3 1.25e+06 5.43e+07
ICP.acid.Fe 5.45¢+07 3 1.75e+07 7.57e+08
1CP.acid.Na 1.20e+08 3 5.89a+07 2.55e+09
ICP.acid. Ni 1.47e+06 3 4.72e+05 2.04ev07
1CP.acid.Pb 1.23e+06 3 3.96e+05 1. 71e+07
ICP.acid.U 4.18e+06 3 1. 34e+06 5.81e+07
1CP.acid.P 2.75e+07 3 1.41e+07 6.09e+08
1CP. fus.Al 3.T1e+07 3 1. 19e+07 5.15e+08
1CP. fus.Ca 6.47e+05 3 2.08e+05 B.98e+06
1CP.fus.Fe 3.38e+06 3 1.08e+06 4.70e+07
1CP.fus.Na 4.97e+07 3 1.59e+07 5.90e+08
1CP.fus.Pb 3. 71e+03 2 1.00e+03 1.47e+05
1CP. fus.U 9.45e+06 2 2.57e+06 3.74et08
1CP. fus. P 9.43e+06 3 3.03e+06 1.312+08
ICP.water.Ca 1.67e+02 3 5.35e+01 2.32e+03
ICP.water . Fe 6.200+02 3 1.99e+02 8.62e+03
ICP.water.Na 2.400+07 3 7.70e+06 3.33e+08
ICP.water Ni 1.66e+02 . 3 5.33e+01 2.31e+03
1CP.water.P 7.27e+06 3 2.33e+06 1.01e+08
Chloride 0.00 3 0.00 0.00
- Nitrite ] 6.83e406 3 2.19e+06. 9.49es07
Nitrate 6.67e+06 3 2.14e+06 9.260+07
Phosphate 5.93e+(7 3 1.90e+07 8.24e+0B
Sulphate 1.70e+05 3 5.45e+04 2.36e+06
Total CN 2. thet04 3 6.88e+03 2.98e+05
U {ug/a) 4.05e+00 3 1.30e+00 5.43e+01
Tot.Alpha.Pu 3.57e-03 3 1.15e-03 4 .96e-02
Sr-90 1.24e+04 3 3.98e+03 1.72e+05
Pu-239/240 3.57e-03 3 1.15e-03 4.96e-02
Cs-137.water 1.35e+00 3 4.34e-0 1.83e+01
(s-137.fusion 4 ,23e+03 3 1.36e+03 5.87e+04
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Table 9. 95% Confidence Interval on 0°(S), Spatial Variance.

Analyte #(s) df p-value 95% LL 95% UL
ICP.acid.Al 1.70e+09 2 0.008 2.57e+08 6.91e+10
ICP.acid.Ca 1.72e+07 2 0.048 0.00 7.54e+08
ICP.acid.Fe 9.14e+07 2 0.130 0.00 4. 66a+09
ICP.acid.Na 0.00 2 0.882 0.00 3.84e+08
ICP.acid.Ni 2.95¢+06 2 0.110 0.00 1.45e+08
ICP.acid.Pb 2.00e+07 2 0.009 2.92e+06 8.16e+08
ICP.acid.U 1.71e407 2 0.053 0.00 7.57e+08
ICP.acid.P 0,00 2 0.939 0.00 3.40e+07
1CP. fus.Al 4,2T7e+(9 2 0.001 1.08e+09 1.69e+11
ICP.fus.Ca 2.52e+07 2 0.003 5.50e+06 1.01e+09
1CP.fus.Fe 5.3%e+07 2 0.009 7.73e+06 2.19e+09
1CP. fus.Na 1.14e+08 2 0.097 0.00 5.48e+09
icP. fus.Pb 2.08e+07 1 0.000 4.13e+06 2.13e+10
icP.fus.U 9.80e+07 2 0.052 0.00 4. 26e+09
ICP, fus.P 5.16e+06 2 0,270 0.00 3.85e+08
ICP.water.Ca 4.40e+03 2 0.004 8.52e+02 1.77e+05
ICP.water.fe 1.95e+04 2 0.003 4.03e+03 7.83e+05
ICP.water.Na 1.32e+08 2 0.037 0.00 5,70e+(%
ICP.water .Ni 2.31e+03 2 0.011 2.8%e+02 9.45e+04
1CP.water.P 1.60e+06 2 0.364 0.00 2.03e+08
. Chloride 3.330+03 2 0.000 9.03e+02 1.32e+05
R Nitrite 9.67e+06 2 0.149 0.00 5.13e+08
W Nitrate 4.10e+07 2 0.032 0.00 1.75e+09
Phosphate - 2.08e+07 . 2 0.321 0.00 1.96e+09
Sulphate 1.86e+06 2 0.015 1.58e+05 7.66e+07
Total CN 2.52e+07 2 0.000 6. 78e+06 9. 94 e+08
U (ka/9) 1.09e+02 2 0.004 2.12e+01 4.37e+03
Tot.Alpha.Pu 2.13e-01 2 0.001 5.06e-02 8.50e+00
Sr-90 2.57e+05 2 '0.006 4.45e+04 1.04e+07
Pu-239/240 2.13e-01% 2 0.001 5.04e-02 8.48e+00
Ca-137.vater 4. 56e+00 2 0.064 0.00 2.10e+02
Cs-137.fusion 5,63e+04 2 0.012 6.66e+03 2.30e+06
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Table 10. Tukey's HSD Multiple Comparisons, Core Composite Data
(Units pg/g Except Radionuclides uCi/g).

Groun Mean
Core RSD
&7 48 49 47 48 49
ICP.acid.Al B a ] 7.3e+04 6.4e+03 8.4e+04 18%
iCP.acid.Ca a a a 2.0e+04 1.3e+04 1.2e+04 13%
ICP.acid.Fe a a a 2.9e+04 2.0e+04 7.1e+03 39%
ICP.acid.Na a a a i 8.2e+04 8.8e+04 8.1e+04 16%
1CP.acid.Ni @ a a 1.5e+04 1.6e+04 1.2e+04 9%
ICP.acid.Pb a ] [ 8.6e+03 6.1e+02 8.6e+02 33%
1CP.acid.U ap p a 1.1e+04 1.5e+04 6.3e+03 “ 19%
1CP.acid.P a o a 1.8e+04 1,7e+04 1.9e+04 36%
ICP.fus.Al [} a B 1.2e+05 8.6e+03 1.3e+05 7%
ICP.fus.Ca ] a a 2.5e+04 1.8e+04 1.5e+04 4%
iCP.fus.Fe ] [ a 2.2e+04 2.2e+04 9.1e+03 10%
1CP. fus.Ka a a a 8.7e+04 1.0e+05 7.7Te+04 8%
1CP. fus.Pb ] - a 7.3e+03 NA 8.2¢+02 1%
1CP. fus.U a a a 9.2e+03 2.5e+04 2.8e+03 28%
1CP, fus.P a o a 2.0e+04 2.0e+04 1.5e+04 17%
ICP.water.Ca ] a a 1.8e+02 6.0e+04 7.8e+01 12%
ICP .water.Fe a B a 8.8e+(02 1.1e+03 9.2e+02 3%
ICP.water . Na ap $ a é.8e+04 8.5e+04 6.0e+04 74
ICP.water.Ni [ a a 1.2e+02 3. 1e+0 5.3e+01 19%
ICP.water.P a a a 7.0e+03 8.7e+03 4. 2e+03 41X
Chioride a ] a 7.0e+02 8.0e+02 7.0e+02 (14
Nitrite o a a 3.9e+04 4,5e+04 3.9e+04 6%
Nitrate a ] a 3.7e+04 4.8e+04 3.6e+04 6%
Phosphate a a @ 2.2e+04 2.Te+04 1.3e+04 38%
Sulphate a [} a 7.3e+03 9.35e+03 6.6e+03 5%
Total CN a g a 2.8e+03 2.1e+02 2.8e+03 1674
Ulug/g9) a B a 1.2e+01 2.8e+01 7.5e+00 13%
Tot.Alpha.Pu [} a a 8.8e-01 6,8e-02 7.9e-02 18%
sr-90 ] a [ 1.2e+03 1.9e+02 9.3e+02 15%
Cs~137.water a a « 9.2e+00 9.3e+00 5.3e+00 15%
Cs-137._fusion ] B a 8.7e+02 1.0e+03 5.6e+02 8%
MA: Not available
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Table 11. Tukey's HSD Multiple Comparisons, Subsegment Data
(Units pg/g Except Radionuclides uCi/g).

Group Mean
Core RSD
47 48 49 47 48 49
1CP. fus.Al ¢ ¢ 1.3e+05 1.9e+05 &%
¢ a ) 1.2e+05 7.3e+03 9.6e+04
[ a ¥ 3.2e+04 9.8e+03 7.1e+04
ICP.fus.Ca [ a 1.0e+04 4.3e+03 6X
Y « 6 1.8e+04 2.9e+04 1.9e+04
€ ¥ § 2.8e+04 1.7et04 2.3e+D4
ICP.fus.Fe ] a 6.3e+04 1.6e+04 46X
o a a 2.1e+04 2.0e+04 % .5e+03
@ [ a 1.5e+04 2.1e+04 1.5e+04
ICP.fus.Na ap a 5.1e+04 4. 3e+04 14%
apy '] afy 6.3e+04 1.2e+05 6.3e+v04
8 8 Byé 1.0e+05 1.0e+05 9. 1e+04
ICP.fus.Pb a a 5.0e+03 2.0e+03 50%
a - - 2.9e+03 NA NA
a a a 1.4e+04 6,9e+02 7.3e+02
1CP.fus.U ys afy 1.2e+04 7.9e+03 9%
ap P - 6.1e+03 1.7e+04 NA
a S¢ 14 5.8e+03 1.4e+04 1.2e+04
1CP.fus.P - - NA NA 1’73
ap Y a 1.2e+04 2.3e+04 1.1e+04
[ Y By 3.0e+04 2. 1e+04 2.0e+04
Chloride ap a 5.5e+02 5.0e+02 6%
By 8¢ yé 7.0e+02 9.5e+02 8.0e+02
1 € yé 7.5e+02 1.0e+03 8.0e+02
Nitrite a a 2.8e+04 2.6e+04 4%
] [4 Y 3.7e+04 5.1e04 4. 4et04
By 13 y5 4. 0e+04 5.0e+04 4. 5e+04
Nitrate a a 2.Be+04 2.6e+04 4%
] s by 3.6e+04 5.6e+04 4. 2e+04
yp & Y 3.9e+04 5.4e+04 4. 3e+Di
Phosphate a a 7.3e+03 6,1e+03 28%
« ap a 9.6e+03 1.6e+04 8.8e+03
Y By afy 4.5e+04 3.6e+04 2.5e+04
Sul fate a a 5.1e+03 4, 7e+03 3%
$ € ¥ 7.1e+03 1. 12404 8.2e+03
By é Y 7.4e+03 1.0e+04 8.1e+03
Total CN a a 3.2e+03 3.5e+03 3%
] « ] 4. 4er03 1. 1e+04 8.1e+03
Y é ¥ 5.8e+03 8.7e+(3 5.5e+03
=
Sr-%0 8 Y 4.6e+03 2.4e+03 8%
[ af af 4. Te+02 1.5e+02 2.0e+02
af @ af 2.2e+02 1.2e+02 1.9e+02
Cs-137.fusion aff a 3.4e+02 1.2e+02 16%
pyd & ap 7.7e+02 1.2e+Q3 3.5e+02
yé § By 9.5e+(2 1.28+03 7.0e+02
NA: Not available
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Table 12. Comparison of Analytical Error Variances, 241-C-109 and 241-C-112.

Tank Cc-109 c-112
Analyte &) df #(A) df p-vaiue
ICP.acid.AlL 1.00e+08 3 3.10e+07 3 0.180
1CP.acid.Ca 3.91e+06 3 1.44e+06 3 0.217
ICP.acid.Fe 5.45e+07 3 2.76e+07 3 0.294
1CP.acid.Na 1.20e+08 3 2.39e+07 3 0.294
1CP,acid.Ni ¥.47e+06 3 1.06e+06 3 0.399
ICP.acid.Pb 1.23e+06 3 2.41e+04 3 0.004
tCP.acid.U 4.18e+06 3 1.10e+08 3 0.012
ICP.acid.P 2.75e+07 3 3.83e+06 3 0.070
ICP.fus.Al 3. Me+07 3 5.67e+0% 2 0.015
ICP.fus.Ca &6.47e+05 3 1.56e+05 2 0.200
1CP.fus.Fe 3.38e+06 3 9.81e+06 2 0.192
ICP.fus.Na 4,97e+07 3 3.96e+06 2 0.075
1CP.fus.Pb 3.71e+03 2 1.47e+05 2 6.025
ICP.fus.V 9.45e+06 2 1.64e+07 2 0.366
ICP.fus,.P 9.43e+06 3 1.37e+05 2 0.014
1CP.water. Al NA NA 3.05e+04 2 NA
ICP.water.Ca 1.67e+02 3 3.78e+04 2 0.000
ICP.water.Fe 6.20e+02 3 3.43e+03 4 0.099
1€P.water.Na 2.40e+07 3 5.11e+08 2 0.017
1CP.water . Ni 1.66e+02 3 1.29e+03 2 0.065
1CP.water.U NA NA 2.60e+06 2 NA
ICP.water. P 7.27e+06 3 1.13e+07 2 0.345
Chloride NA NA 2.50e+04 2 NA
Nitrite 6.83e+06 3 1.33e+08 2 0.019
Nitrate 6,67e+06 3 2.412+08 2 0,008
Phosphate 5.93e+07 3 1.10e+08 2 0.298
Sulphate 1.70e+05 3 6.25e+06 2 0.008
Total CN 2. Vhe+04 3 NA NA NA
U (kg/9) 4.09¢+00 3 5.30e+07 2 0.000
Tot.Alpha.Pu 3.57e-03 3 NA NA NA
$r-90 1.24e+04 3 1.36e+03 2 ¢.101
Pu-238 NA NA 1.60e-05 2 NA
Pu-239/240 3.57e-03 3 2.69e-05 2 0.007
Cs-137.uater 1.35e+00 3 NA NA NA
Cs-137.fusion 4.23e+03 3 2.31e+02 2 0.001
NA: Not available
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Table 13. Comparison of Spatial Variances, 241-C-109 and 241-C-112.

Tank c-109 c-112
Anatyte #s) df sy df _p-value
ICP.acid.Al 1.70e+09 2 3.67e+08 2 0.178
ICP.acid.Ca 1.72e+07 2 2.49e+07 2 0.408
ICP.acid.Fe 9. 14e+07 2 0.00 2 NA
ICP.acid.Na 0.00 2 2.56e+08 2 NA
ICP.acid.Ni 2.95e+06 2 1.55e+07 2 0.160
ICP.acid.Pb 2.00e+07 2 2.28e+06 2 0.102
ICP.acid.U 1.71e+07 2 1.56e+09 2 0.011
ICP.acid.P 0.00 2 4.52e+07 2 NA
1cP.fus.Al 4.27e+09 2 4,70e+08 2 0.099
ICP.fus.Ca 2.52e+07 2 4.0%er07 2 0.382
ICP.fus.Fe 5.3%e+07 2 1.65e+07 2 0.234
ICP.fus.Na 1.14e+08 2 5.24e+08 2 0.179
1CP. fus.Pb 2.08e+07 1 3.98e+06 2 0.149
IcP.fus.U 9.80e+07 2 1.78e+09 2 0.052
1CP. fus.P 5.16e+06 2 8.04e+07 2 0,060
1CP.water. Al NA NA 7.06e+04 2 NA
ICP.water.Ca 4.40e+03 2 0.00 2 KA
1CP.water.Fe 1.95e+04 2 2.26e+05 2 0.079
1CP.water.Na 1.32e+08 2 5.01e+08 2 0.209
1CP.water.Ni 2.31e+03 2 8.56e+04 2 0.026
1CP . water.u NA NA 4.55e+06 2 NA
1CP.water.P 1.60e+06 2 3.50e+07 2 0.044
Chioride 3.33e+03 2 5.25e+04 2 0.080
Nitrite %.67e+06 2 1.04e+08 2 0.085
Nitrate 4.10e+07 2 2.21e+08 2 0.156
Phosphate 2.08e+07 2 2.97e+08 2 ¢.065
Sulphate 1.86e+06 2 9.17e+06 2 0.168
Total CN 2.52e+07 2 NA NA NA
U (ug/9) 1.09e+02 2 2.88e+0% 1 0.000
Tot.Alpha.Pu 2.13e-0 2 NA NA NA
Sr-90 2.57e+05 2 2.96e+06 2 0.080
Pu-238 NA NA 7.81e-03 2 NA
Pu-239/240 2.13e-1 2 4.15e-03 2 0.019
Cs-137.water 4 . 66e+00 2 NA NA NA
Cs-137.fusion 5.63e+04 2 2.47e+03 2 0.042
NA: Mot available
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14. Comparison of Percent Variance, 241-C-109 and 241-C-112.
Tank c-109 c-112 C-109 c-112
Analyte %2(A) %32 (A) % (s) %32(s)
ICP.acid.Al &% 8% 94X 92%
ICP.acid.Ca 19% 5% 81% o5%
ICP.acid.Fe 37% 100% 63X ox
iCP.acid.Na 100% 8% ox 92%
1CP.acid.Ni 33% &% 67% 4%
ICP.acid.Pb 6% 1% 4% 9%
1CP.acid.U 20% 7 80X 93X
1CP.acid.P 100% 8% 0% 92%
ICP. fus.Al 1% 0% 99% 100%
ICP.fus.Ca 3% 0% TR 100%
ICP.fus.Fe 6% 7% 4% 63X
ICP.fus.Na 30% 1% 70X oo%
ICP. fus.Pb ox 4% 100% 96%
1CP. fus.U X 1% 1% oo%
1CP. fus.P 65% 0% 35% 100%
ICP.water.Al NA 30% NA 70%
1CP.water.Ca 4% 100X 96X 19
ICP.water.fFe 3 1% 97X 99%
ICP.water.Na 15% 51X B5% 49%
ICP.water . Ni 7 % 3% 99%
iCP.water.U NA 36% NA 64X
1CP.water.P 82X 24% 18% 76%
Chloride 0x 32% 100% 68%
Nitrite 41% 56% 59% 4%
Nitrate 14% 52% 84% 48%
Phosphate 74% 27% 26% 3%
Sulphate 8x 41% 92% 59%
Total CN 0X NA 100X NA
U (ng/9) 4x 2% 96X 8%
Tot.Alpha.Pu 2% NA 98% NA
sr-90 5% (1 4 95% 100%
Pu-238 NA 0% NA 100%
Pu-239/240 2% 1% o8% ka3
Cs-137.water 22% NA 78% NA
Cs-137.fusion 7% 9% 93% 91%

NA:

Not available
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Table 15. Relative Standard Deviations from Tanks C112 and C109.

Tank Cc-109 c-112 c-109 c-112 C-109 C-112

Analyte RSD(¥) RSD(Y) RSDCA) RSD{A) RSD{S) RSD(S)
1CP.acid.Al 44% L6% 18% 23% 76% 78%
IcP.acid.Ca 17% 175 13% 7 28% 30%
1CP.acid.Fe 34% 10% 392 24% 51% [+}.3
ICP.acid.Na 2% 1% 13% 5% 0x 18%
ICP.acid.Ni 8% 18X o% ax 12% 30%
1CP.acid.Pb 78% 34X 33 6% 133% 59%
1CP.acid.V 24% 40% 19% 18% 39% 68%
ICP.acid.P 4% 17% 29% 9% 0% 29%
ICP. fus Al 45% 4L6% 7% 3% 78% 82%
ICP.fus.Ca 15% 18% 4% 2% 26% 32%
1CP.fus.Fe 24X 10% 10% 1% 4% 15%
I1CP.fus.Na 3% 1% 8% ex 12% 22%
1CP.fus,.Pb 80% 39% 2% 13X 113% 68%
1cP.fus.b 42% 30% 1% 5% 674 52%
ICP.fus.P 10% 18% 17% 1% 12% 32%
ICP.water Al NA 33X NA 34X NA 51%
{CP,.water.Ca . 36% 1% 12% 58% 62% [+ 4
ICP.water.Fe 8% 23% 3% 5% 14% 41%
ICP.water Na 10X 18X 7% 26% 16% 25%
ICP.water.Ni 41% 24% 19% 5% 69% 43%
ICP.uater.l NA 65X NA 76% NA OB%X
[CP.water.P 20% 36% 41% 33% 19% 59%
Chloride 5% 15% 0% 16% 8% 23%
Nitrite 5% 16% [-¥ 24% 8% 22%
Nitrate 10% 18% &% 25% 16% 24%
Phosphate 20% 35% 3ax 34% 22% 56X
Sulphate 10% 7% 5% 21% 18% 25%
Total CN 34% NA 2% NA 59% NA
U (ug/9) 39% 52% 13% 11X 86% T8%
Tot.Alpha.Pu 78% NA 18% NA 135% NA
sr-90 39% 44% 15% 2% 66% 79%
Pu-238 NA 110% NA 6% NA 137%
Pu-239/240 8% 86X 18% 9% 135% 107%
Cs-137.water 17% NA 15% RA 27% NA
Cs-137. fusion 17% 5% 8% 2% 29% (3

NA:

Not available
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APPENDIX 2: (109 CORE COMPOSITE AND SUBSEGMENT DATA PLOTS

This appendix contains plots of the core compos{te and subsegment data for
C109. The units for the analytes in the plots are as follows:

Analyte Units
A1l ICP (acid, water, fusion) ug/g

A1l Anions $#9/9

A1l Radionuclides (excluding U) pCi/g
U 1g/g
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APPENDIX 3: (€109 AND C112 CORE COMPOSITE AND SUBSEGMENT DATA PLOTS

This appendix contains plots of the core composite and subsegment data for
€109 and C112. The units for the analytes in the plots are as follows:

l Anal;te ﬂ Units

A1l ICP (acid, water, fusion) 4g/g
A1l Anions §q/q

A1l Radionuclides (excluding U) uCi/g
U B9/9

APP B-39



0v-9 ddv

Tank C—112

Tank C—109

Tank C—-112

Tonk C—109

ICP.acid Al

Comp.

Seq.

=
Comp.

Seq.

20000

T T

40000 60000

[CP.acid.Fe

80000

Comp.

Seg.

Comp.

Seg.

5000 10000

T T

T

15000 20000 25000 30000

Tank C—112;
Tank C—109:

T

35000

Core 34
Core 47

*,
oI

ICP.acid.Cq

S;q a
5 + + o o x |E
O ko
B4
< .
o o
- o
ko
» a
) -+ x + o o <E>
\ o
[3)
- .
= o
o ko
L T T T T T
129000 14000 16000 18000 20000 22000
ICP.acid.Na
o a
n + + e |E
s} k>
-
= -
Q o
[ ©
ko
- o
o X 40 + x g
) o
o
- .
e o
o kn
T T T T
70000 B0OO0O 30000 100000
Core 35 = + Core 36 = o
Core 48 = +, Core 49 = x

8990-d3-JHM



I¥-9 ddv

Tank C-112

Tenk C—1089

Tonk C—112

Tank C—10%

ICP.acid.Ni

Comp.

Seg.

K x o+ +

Comp.

Segq.

T ¥ T T T

10000 12000 14000 16000 18000

ICP.acid.U

Tomp.

Seg.

xx e+ +

Comp.

Seg.

T T T T

20000 40000 60000 80000

Tank C
Tank C

Core 34 = x,
Core 47 = o,

1t

s
or

ICP.acid.Pb

o~ .
-— o
T @ X X ++ (E;.
O o
-
g N
s o
ko
- o
o +* x [+] o [E
— [
| &
(8}
= o
2 n
T T T T T
2000 4000 6000 8000 10000
ICP.acid.P
o~ .
-— [+ 9
" + xx  + o o |E
) o
-
< .
s o
ko
a
g x + o -+ x £
- ©
| &
o
- .
c o
2 kn
T T T T
15000 20000 25000 30000

Core 35 = +, Core 36 = o
Core 48 = +, Core 49 = x

8990-d3-JHM



[CP.fus.Al . [CP fus.Ca

Tank C—=112

09

Tank C—1

¢b-9 ddv

Tonk C—112

Tank C—109

a o a.
o x4 E n ++ oo X £
& [e} &
X
. [ .
on [=] o
“» KK KX + v - o0 oo ++ 0 WO X X exOoX |v
kn e
a a.
+ o x E N xx o+ o+ 0o £
I3 - )
k> ) >
o
o = o
+H @ X X XX DO © X X g c b4 X 00 ++ oxx x X o +o + o
kn 4 »
T T T T T T T T T
0 50000 100000 150000 5600 10000 15000 20000 25000 30000
[CP fus.Fe ICP.fus.Na
a o N
xo o+ 4+ g T + x 0 o g
] [ 53
X
. <
=21 o =21
OO MO X X to o o (3 L »cp X am X oo v
] ke
a a
x ¢ & E poN x x o + + £
] = o
& | 8]
(8]
o b3 o
x Ao+ + o o o |e = X X 00 X Ox x o + |6
b i )
T T T 1 T T T T T T
20000 40000 60000 80000 40000 60000 80000 100000 120000 140000

Tank
Tank

Core 34 = x, Coare 35 = +, Core 3
Core 47 = o, Core 48 = +, Core 4

(V=1 %)

6 =
9 =

o
X

o —

8990-d3-JHM



€b-8 ddv

Tank C—112

Tank C~109

Tank C—112

Tank C-109

ICP.fus.Pb
o
w0 X + E
o
o
LI ® Xt + L‘r';
a
x ® E
<
&
+* W @ o o ] o ?
kn
T T T T —
o 5000 10000 15000
ICP.fus.P
=%
e+ @ [E
&
o
XX X w0 tek [} oo [< 3NN <} ©
kn
a
X x+ oo + £
)
o
x o o +* + ] [} 3‘
Ay
L -t T T T T T
5000 10000 15000 20000 25000 30000 35000
Tank C—112: Core 34
Tank C~-109: Core 47

X
on

[CP.fus.U
o~ .
- o
T X + + oo g
O k>
x
(=
o o
- x o0 @ + + [+ o |v
o
o o
E X + g
: &
&)
- - 5
2 n
T T T — T
0 50000 1060000 150000
ICP.water Al
o .
-— a
T xH o ° E
[]
2 °
c -
o o
[ e
kA
- a
) o o E
| s
[
H T
— kn
T —_!
400 600 800 1000
Core 35 = 4+, Core 36 = o
Core 48 = +, Core 49 = x

8990-d3-JHM



tv-9 ddv

Tank C—112

Tank C—109

Tank C—112

Tank C-109

ICP.water.Cq

+
[e]
Comp.

Seg.

o
Comp.

Seg.

100

200 300 © 400 500

ICP.water Na

©
x
<]
Comp.

Seq.

+
+
Comp.

Seq.

60000

T T T

80000 10G000 120000

Tank C—=112: Core 34
Tank C-109: Core 47

X,
@,

[CP.water.Fe

o .
— a
T ++ ¢ x E
[®) K>
=
[ = .
o (=2}
— «
LN
o
z ou X ++ £
-— O
, o
[&)
< by
= 0
T T T ] T
800 1000 1209 1400 1600
[CP.water Nj
o i
-— [+8
'I_ ++ Q o x E
(%) K>
o
= .
o o
Lol L}
Lo
- a
=) #%x 00 E
| &3
[8)
M ]
s v
= kn
T T T T T
c 200 400 600 800 1000

Core 35 = 4+, Core 36

Core 48 = +,

Care 49

1%
Qo

8990-d3-JHM



St-9 ddv

Tank C-112

Tank C-109

Tank C~112

Tank C—10%

ICP. water.U ICP.water P
. ~ .
a = a
o o E ‘I- H x o g
3 3] 3
x
. c .
o s b
kn kn
o a
E g xx + o o + E
o it o
o | o
4]
o x 5
AR B
T T T T =T T T T T
1000 2000 3000 4000 5000 6000 5000 10000 15000 20000
Chioride Nitrite
a o a
+ + o o X g ‘l' ++ [ X g
K> o o
=
. c .
o Q =1}
o & * ] 1] X o L o o ot X OXEBQ ®Xx X X v
kn kn
a a
e + £ & gxo + + E
o et o
ko | o
[¢]
. ™ .
o o & + + o c Xxa o 6 o0 x Xxxx ++ + o
n =2 kn
T H T T T T T T
600 800 1000 1200 30000 40000 50000 60000
Tank C~112: Core 34 = x, Core 35 = 4, Core 36 = o
Tank C-109: Core 47 = o, Core 48 = +, Core 49 = x

8990-d3-JHM



9%-8 ddY

Tank C-112

09

Tank C-1

Tank C—112

Tank C-109

Nitrate
a
++ [o] * o g
K>
o
i o © X OX  #xXC  mX X X v
kn
a
X ® + + £
L+
k>
X0 O o 00X X X + + + 3
s
T T T T T T
30000 40000 50000 60000 70000 80000
Sulfate
o
+ ) X 0 E
&
o
o ot+c o X XX GW WM O X X o
ko
a
X X 00 + + £
O
-
X 00 O 00X X + + + 3
kr
T T T T T T
6000 BOOOC 10000 12000 14000 16000
Tenk C-112: Core 34
Tank C—-109: Core 47

= X
= 0

Phosphate

—
o~ a
T . +Hx o [+] g
[ k>
o~
[ = .
o o
L O ODtho O OO Q [ o lg
o
b xx + o o + E
n k>
3}
x o
c *x® X0 ++ X X + + o Py
g Lo
-
T T F T T SLE
10000 20000 30000 40000 50000 &£0000
Total.CN
o a
- £
| o
[5Y &3
-
[ =4 -
< o
Lol o
I
a
3 on + + g
n 1>
O
i © K 00 XK O o H + 3
° )
fics
T T T .| T T
4000 6000 8000 10000 12000 14000
Core 35 = +, Core 36 = o -
Core 48 = +, Core 49 = x

8990-d3-JHM



‘dwon  'Bag ‘dwon  Bsg
[+
-]
3
a
O
=
o
<
k=
-+
O
T
-
*
T1)—=0 ¥ue] 601 -0 due]
‘duion  'Bosg dwon  bag
. .
°
>
x
-
Z11—=0 wue) 604-—0 up]

0.6 08

0.4

0.2

40000 60000 80000 100000

20000

WHC-EP-0668

‘duien  bag dwion 'bBag
+
+
o
Y
o~
I
-
a
x
°
-
21— ¥uo) 601D dupy
e
dwon  bag dwion  bag
x
=
o
°
=
* +
<
el % x
I x
-
S =
=]
@
x
Q
*
x m
x
8 ®
: -
Z11=0 juoy 601-0 Muoy

APP B-47

0.15

0.10

0.05

B¢

4000 5000

2000 3000

1000

Core 36
Core 49

+,
+

Core 35
Core 48



8v-9 ddv

Tank €~112

Tank C—109

Tank C=112

Tank C—-102%

Pu—239 /240

&
+ o X E
o
o
LH
ko
o
*x o o |E
S
&
o
L+
o
T T T T T
0.0 0.2 0.4 0.6 0.8
fusion.Cs—137
a
++x o g
&
o
o o % X e o X ++ » O o =11 &
o
XX @+ + E
[s]
&
E X (e 31 X x [+ ] o o +++ + 8‘
ko
T T T T T — —
4] 200 400 600 800 1000 1200
Tank C=112: Core 34
Tank C—-109: Core 47

water Cs—137

Comp.

Seq.

Comp.

Seq.

o

n

4

-

=

(=]

i

3 % x +

N

O

-

c

a

2
T T T T T
5 [ 7 8 10

Core 35 = 4+, Core 36 = o

Core 48 = +, Core 49 = «x

8990-d3-JHM



WHC-EP-0668

APPENDIX 4: DERIVATIONS OF &2[y(w)] AND 8%[¥(w)-¥(c)]
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This appendix contains the derivations of 62[y(w)] and &z[y(w)-y(c)]. For the
formulas in this appendix we define the following quantities: y(w)=y, and
y{c)=y; . That is, P

aé[y(w)‘kaz[y.,i] and 82[§(w)-3(c)]=6°3,;-7}.-

Three statistical models are used in the calculation of these two variance
estimates. The first model, for the core and quarter segment data is

Yik =B ¥ G+ S ey . (1)

The mean of the two aliquots from the j™ quarter segment of the i™ core is
¥i;. A statistical model for this mean is

Yij. =8+ ¢ +E; (2)

where

¥i;. = mean of the two aliquots from the ™ quarter segment of the i*"
core,

overall mean of all the data,

=
]

the effect of the i™ core,

_'ﬂ
H

the effect of the ™ quarter segment in the i™ core, and

[}
[}

the residual of the j™ quarter segment mean in the i™ core.

The subscripts i, j, and k have the following ranges: i=1,...,a (a=number of
cores or core composites), j=1,...,b; (b;= number of quarter segments in the
i™ core), k=1,...,n (n=number of aliquots taken from each quarter segment).

The third model, for core composite sample data is

-yilk = +c - eilk (3)
where
y!, = k™ aliquot of the i™ core composite,
B’ = the overall mean of the all core composite aliquots,
Cy = i™ core composite effect, and
el, = k™ residual of the i*™" core composite.

The subscript ranges are the same as those used for the previous model.
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The variance of ¥,;; is
V(Y;j_) =V(p + G + Eij)
0?2 2

= +0. +0
8
n <

where o2 is the variance between cores, 02 is the variance between quarter
segments and is the analytical error.

A weighted mean representing the simulated core composite (SCC) is
bI
Yo = 21“” Yij.»
J-

The vartance of ¥, is

b by
V(%) =V [E Wi yij'] DICHRTAN

o =1

by
_ 2 |6 2 2
=Y W — *0, v 0.

i

The between mean squares (BMS) from model (2) has expectation
2
o

E(BMS) = 2. + 0% + bg?
. n .

where

a
a ' Ebiz
Ebi - ':1
p
b = i=1
a-l1

The within mean squares (WMS) from model (2) has expectation
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2
Ewms) = 2+ o2
n

By solving a system of two equations with two unknowns, we obtain
.2 _ BMS - WMS
G, = ————

as estimates of 0% and (d°/n + d?) respectively.
From the results above we can obtain an estimate of oz(yui), which is
(%) = V(,0)
bj F..z
2 |0 A2 2
= Ewij - t 0y "'ac
P n
by ]
- Z“’izj [st , BMS - WMS
i= ()

b, [BMS + (b,-1)uMs ]
= Ewij b .
j=1 ()

. g

The variance for ¥: , using the structure from model (3), is

7 /
0.2

—7 "'naz
Viy;) =

c

where ¢?' is the analytical error and ¢?' is the variability between cores.
The between mean squares (BMS') expectation for model (3) is

!
E(BMS/) = o2 4 no> .

Using this expectation, an estimate of the variance for y| is

o BMS /
i3] = —.
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The estimated variance of ¥ ,-y; is
(T V1) = () *+8(F;)

. %, [BMS + (b, - 1)WMs BMS /
= u” b + .
i n

(-]

We have assumed that the covariance between the two means is zero.
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APPENDIX C

MISCELLANEOUS DATA
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Harry Babad is preparing to develop a criterion based on energetic measursments for
removing tanks from the watch lists. He wants the labs to be prepared for the sample
loads which may occur as a result of this critarion. [Initial thoughts about the criterion
are as follows:

[F the axotherm of the material is < 75 cal/g, there should be no further concern. I[f
moisture is > Z5%, the limit of concarn may be raised to 125 cal/g. Thesa are figures
detarmined by Sabad in consuttation with a number of nationally recognized experts in the

field.

The suggestion is that if the differential scanning calerimetry exotherms exceed this
level, then more in-depth examination, such as adiabatic calorimetry, would be necessary.
Adiabatic calorimetry would give such information as initidtion temperature, reaction
rate, and propagation rates. Babad estimates that perhaps there might be 20 tanks that
exceed these limits. (This number is, of course, open to debate.) There would also be
need for measurements to support studies of synthetic materials.

A number of deficiencies of adiabatic calorimetry and thoughts about improvement were
mentioned during the meeting. Keeping in spirit.of the meeting, which was by and large a
brain storming session, the ideas are presented here in no particular order.

1. Do we have enough toois? Adiabatic is slow, labor intensive, dose rate high,
[t uses too much sampie; we have just one. ODoes the Accelerating Rate
Calorimeter (ARC; by Columbia Scientiffc} offer any advantage over the Fauske
Reactive System Screening Taol? IFf it is too big, could it be modified?

§4-35000-10Q (4/58) (EF) GEFQIY
Mexting Mirutes
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LS T

2. Do we have the right tools to work up the results? We should have a bigger
computer. Would Chemametric taols help? (Eric Wyse at PNL may have an idea.)
Could data work-up be more automated?

3. Do we have enough capacity?

§. Do we have proper documentation for our measurements? 'Ye use test plans and
test reports now. When sample load increases, we will need to use a fast
efficient system to get data to engineers, programs, and external customers.
The "data package” system used for singie-shell tank characterization is not
fast enough. : - : - '

5. We need to develop back-ups to current thermal analysis staff.

§. 'We need to have a low-temperature drying method for adiabatic samples that is
controlled well enough to allay any suspicion that the samples lase their ”/)
chemical energy before the actual adiabatic measurement. o

No formal actions were taken or assigned at this meeting. These minutes are issued as a
way to raise general awareness that needs for direct measurement of waste sample
energetics has the potential for dramatic grewth. The laboratory should be preparad with
respect to knowledge of methods, manpower, and equipment.

54-3000-100 (4/58) C(EF) GEFQN
Meeting Hinutes
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Table A-1. Summary of Contents and Status of Ferrocyanide Tanks".

Tak | volume | o FEON - Heat ond 1,000| ME | g o e
(1,000 gal) ’ : °O) °BH

BX-102 96 <1 < 10 17 63 |S; AL _
BX-106 45 <1 < 10 17 62 [NS; Sound -
BX-110 199 <1 < 10 18 64 [S; AL .
BX-111 230 <1 < 10 20 68 [NS; AL ..~
BY-101 387 <1 8.2 24 76 |S; Sound
BY-103 400 66 8.6 28 82 [NS; AL
BY-104 406 83 55-11.0° |54 129 |S; Sound

46' 115
BY-105 503 36 4.0- 8.0° | 46 115 |NS; AL

50 122
BY-106 642 70 55-11.0° | 54 130 |NS; AL
BY-107 266 42 14.5 35 95 |S; AL
BY-108 228 58 4.4- 88 |43 1101S; AL
BY-110 398 71 40- 8.0 149 120 |S; Sound

43" 109
BY-111 459 6 24- 48 | 30 86 |S; Sound |
BY-112 291 2 <10 28 82 |S; Sound
C-108 66 25 <10 22 T2 [S; Sound
C-109 66 30 35- 7.0 |23 74 |S; Sound

26 718
C-111 57 33 <10 22 71 |S; AL
C-112 109 31 < 10 29 84 |S; Sound

29 8§
T-101 133 <1 < 10 21 69 |NS; AL
T-107 180 5 < 10 19 66 |NS; AL
TX-118 347 <3 4.9 26" 78 |S; Sound
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Table A-1. Summary of Contents and Status of Ferrocyanide Tanks*.

Tk | voume | FeON' |Featload oo0f M| (o
(1,000 gal) : (*C) (°F)

TY-101 ‘ 118 23 < 10 18 65 |S; AL

TY-103 162 28 < 10 19 66 |S; AL

TY-104 46 12 < 10 17 63 |S; AL

Totals | 5,834,000 gal | 624K g-mol.

‘Based on information contained in monthly reports (WHC-EP-0182-XX)
(Hanlon 1993); temperature data as of March 1993.
*Inventories from Borsheim and Simpson, 1991.
‘Heat load values are conservatively high; new values will be calculated.
*New heat load data as of September 1992, showing low and high end of range based
upon variances in thermal conductivities for waste and soil.
*S - Interim Stabilized Tank; NS - Not Stabilized; AL - Assumed Leaker Tank; Sound -
Non-Leaking Tank.
Temperatures recorded for new thermocouple trees installed in September 1992,
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APPENDIX D

QUALITY ASSURANCE DOCUMENTATION SUMMARY
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Tabie I-1: SST Core 47, PNL-ACL Sample Numbers

TANK C-108, CORE 47 SAMPLE PREPARATION AND ANALYSIS

CAT COMPOSIME CORE47-1B CORE47-1C CORE47-1D
ACID 93-01358-A1 Acid Digest. Sample (ICP & Sb)
DIGESTION 93-01358-A2 Acid Digest. Duplicate
93-01358-A3 Mathods Blank
93-01358-A4 Matrix Spike

Spike Control

ACID 93-01358-B1 Acid Digest. Sample (AA) As & Se
DIGESTION 93-01358-82 Acid Digest. Duplicate
(AA) 93-01368-83 Methods Blank
93-01358-B4 Matrix Spike

o 358-B5
WATER 83-01358-C1

) Spike Control
93-013565- 93-01356-C1 93-01357-C1 Water Leach Sample

{EACH 93-01358-C2 83-01355-G2 93-01356-C2 93-01357-C2 [Water Leach Duplicate
93-013538-C3 93-01355-C3 Mathods Blank
93-01355-C4 Matrix Spike

" Sp

93-01358-D1 Moarcury Sample

' 93-0135a-D2 Mercury Duplicate
93-01358-D3 Methods Blank
23-01358-D4 Mercury Spike

330135 [Mercury
93-012358- Semi-VOA Sample
93-01358-E2 ) Semi-VOA Duplicate
93-01358-E2 Matrix Spike

ETLT | e 93-01358-E4 A, SXEX e A A ke ) o,
BOX Insulficient EOX Sample
Sample EOX Duplicate
Availabie

" FUSION © 93-01358-H1 93-01386-H1 | 93-01357-H1 ||Fusion Sample (ICP & Radchem)
DISSOLUTION 93-01388-H2 93-01355-H2 93-01356-H2 93-01357-H2 ||Fusion Duplicate
83-01355-H

CARBON || 93-0135% '93.01386-41 | 93-01357.41 [|Carbon Sample (TOC/TICAC)

83-01355-
93-01358-J2 93-01355-J2 93-01356-J2 93-01357-J2 Carbon Duplicate
93-01358-J3 Methods Blank

WT% 93-01355-!(1 93-013554(1. ” 93-01358-.{(—1
soLps =~ . 93-01358-K2
PARTICLESIZE 93-01352

§plked Sample
Wt % Solids sample

© 93-01357-K1
: 57-K2

Water Leach Sampie for Composite (ICP, IC/CN, NH3, Cr(VD), TOC, C14, pH, H-3, GEA, Total Alpha, Total Beta}
Weter Leach Sample for Quarter Segments (IC/CN, pH)
Radlochemical Analysss (Total Alpha, Total Bets, GEA, U, Te, Sr/Y, Se, Alpha Pu, Am, Pu/J isotoplcs
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SST Core 48, PNL-ACL Sample Numbers

TANK C-109, CORE 48 SAMPLE PREPARATION AND ANALYSIS

SEMI-VOA

83-01363-D2

93-01363-D4

Insufficiant
Sample
Available

S

'wl~rA|sulfi;':iant

R PRPRTRTE FRPTPTPrITy

Sample
Available

93-01363-H1

s

93.01380-H1

{|Spiked Sample

FUSION 93-01361-H1
DISSOLUTION 93-01363-H2 83-01360-H2 93-01361-H2
......... e .. 33-0138
""" CARBON 93-01363-J1 | 93-01360-21 53-01361-J1
93-01363-42 93-01360-J2 93-01361-J2
93-01361-J3
emm—————

_PARTICLE SIZE

93-01359

Marcury Sample
Mercury Duplicate
Methods Blank
Marcury Spike
Mercury Standard

Semi-VOA Sample
Semi-VOA Duplicate
Matrix Spike

Hleox sampie

EOX Dupiicate
Methods Blank
M Spi

C489 COMPOSITE CORE 48-1C CORE 48-1D
ACID 93-01363-A1 93-01361-A1 Acid Digest. Sample (ICP & Sh)
DIGESTION 93-01363-A2 93-010361-A2 Acid Digest. Dupiicate
93-01361-A3 Methods Blank
93-01363-A4 Matrix Spike
......................... _—— JiSpike Control
ACID 93-01363-81
DIGESTION 93.01363-B2 Acid Digest. Duplicaie
{AA) Methods Blank
93.01363-B4 Matrix Spike
R
WATER 93-01363-C1 93-01360-C1 93-01361-C1 Water Leach Sampie
LEACH §3-01363-C2 93-01360-C2 23-01361-C2 Water Leach Duplicate
93-01361-C3 Methods Blank
93-01361-C4 Matrix Spike

Fusion Sample {(ICP & Radchem)}
Fusion Duplicate

Carbon Duplicate
Meathods Blank

W, % Solids sample

Carbon Sample (TOC/TIC/TC)

Watar Leach Sample for Composite (ICP, IC/CN, NH3, Cr(Vl), TOC, C14, pH, H-3, GEA)
Water Leach Sample for Quarter Segments (IC/CN, pH)

Radlochemical Ansiyses (Total Alpha, Total Beta, GEA, !, Te, Si/Y, Se, Alpha Pu, Am, Pu/U Isotoples
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Table I-3: SST Core 49, PNL-ACL Sample Numbers

TANK C-109, CORE 49 SAMPLE PREPARATION AND ANALYSIS

C49 COMPOSITE CORE43-1B CCORE49-1C CCRE43-1D
ACID 93-01371-A1 93-01367-A1 ||Acld Digest. Sample {ICP & Sh)
DIGESTION 93-01371-A2 93-01367-A2 |[|Acid Digest. Duplicate
93-01371-A3 93-01367-A3 Methods Blank
93-01371-Ad Matrix Spike
93-01371-A5 |ISpike Gontrol s
93-01371-8B1 Acid Digest. Sample (AA) As & S
DIGESTION 93-01371-B2 Acid Digest. Duplicate
{AA} 93-01371-83 Methods Bfank
93-01371-B4 Matrix Spike
93-01371-85 I ot D@ Control
" 93.01371-C1 93-01365-C 93-01366-C1 83-01367-C1 ||Water Laach Sampie
LEACH 93-01371-C2 93-01365-C2 93-013866-C2 93-0136§7-C2 Water Loach Dupiicate

Methods Blank
Matrix Spike

83-01371.D2

93-01371-D4

SEMI-VOA 93-01371-E1
93-01371-E2
93-01371-€3
EOX 93-01371-F1
93.01371-F2
93-01371-F3
93-01371-F4
FUSION 93-01371-H1 93-01365-H1
DISSOLUTION [|  93-01371-H2 93-01365-H2
CARBON 93-01371-J1 93-01365-J1
93-01371-J2 93-01365-J2
93-01371-J3
WT% i 93-01371-K1 93:01365-K1
SoLIDS 93-01371-K2 93-01365-K

DSCTGA (| sa-01374 93-03122

93-01366-H1
93-01366-H2

93-01366-J1
93-013686-J2

93-01366-K1
93-01366-K2

93-03123

93-01367-H1
93-01387-H2
93-013687-H3
93-01367-01
93-01367-J2
93-01387-43

93-01367-K1
93-01367-K2

93-03124

‘ Mercury Sample

Mercury Duplicale
Methods Blank

s

Mercury Spike
Mercury Standard
Semi-VOA Sample

Semi-VOA Duplicate
Matrix Spike -

ECX Sample
EOX Duplicale
Methods Blank
Malrix Spike

TFu-.r.icm Sample (ICP & Flad.;:.ﬁe.m.}”

Fusion Duplicate
Methods Blank
Carbon Sample (TOCffICfTé)

Carbon Duplicate
Methods Blank

Wl. % Solids s-a-l-mple
W1, % Solids Duplicate

Water Leach Sample for Composite {ICP, IC/CN, NH3, Cr(VIl), TOC, C14, pH, H-3, GEA)

Water Leach Sample for Quarter Segments (IC/CN, pH)

Aadlochsmical Analyses (Total Alpha, Total Beta, GEA U, Te, Sr/Y, Se, Alphe Pu, Am, Pu/U Isotoples
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PNL-ACL Sample Numbers

SST C-109, Liquid Composite and Hot Cell Blank,

TANK C-109 LIQUID COMPOSITE & HOT CELL BLANK

SAMPLE PREPARATION AND ANALYSIS

Liquid Composits

DIW DIL. CHECK Hot Caell Bilank DIW Blank

ACID
DIGESTION

83-01354-A1
93-01354-A2
93-01354-A3
93-01354-A4
93-01354-A5

WATER

LEACH

MERCURY

93-01354-C1
93-01354-C2
93-01354-C3
93-01354-C4
93-01354-C5

93-03290

93-03230

93-01327-01

93-01327-D2
93-01327-D3

93-01372-D

Acid Digestion Sample (ICP}
Acid Digestion Dupiicate
Methods Blank
Spike

Spike Control

Water Leach Sample
Water Leach Duplicate
Methods Blank
Spike
Spike Control

Sample lor Hg
Duplicate

A

SEMI . VOA

93-01354-E2
93-01354-E3
93-01354-E4

93-01354-E1

93-03290 93-01327-E1

1327-E

93-01327-E2

83-01372-E

M

Sample S-VOA
Duplicate S-VOA
Matrix Spike
Matrix Spike Dup.
Blank

TOX

93-01327-F1

93-01327-F2
93-01327-F3

93-01372-F

Sample for TOX
Duplicate
Methods Blank

DIRECT
FILTERED

93-01354-G1
93-01354-G2

93-03290 93-01327-G1

93-01354-N1
93-01354-N2
93-01354-N3
93-01354-N4

93-01327-N1
93-01327-N2
93-01327-N3

93-03290

93-01327-G2
-01327-Ga

93-01372-G

93-01372-N

_|iSpike Control

Direct Sample *

Duplicate
Methods Blank

Direct Filtered Sample **
Direct Duplicate
Meathods Blank

Spike

Water Leach Analyses (ICP, IC, CN-, TOC, NH3)
* Liquid Composite Analysis (CN) Hot Cell Blank Analyses (Total Alpha, Total Beta, GEA, ICP, AA)
** Liquid Composite Analyses (pH, Hg, OH-, Totat Alpha, Total Beta, GEA, U, Te, St, I, H-3,

Pu/U MS, Alpha Pu & Am, C-14) Hot Cell Blank Analyses (IC & TOG)
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associated with the sludge. Some Liquid Composite and 325-A Hot-Cell Blank
samples were prepared for analyses by the ACL technical groups outside of the
cells due to their low radicactivity levels and a concern for potential in-

cell contamination problems.

Table 1-2 1ists the procedures that were employed to prepare Tank C-109
samples for analyses or to conduct a Timited number of in-cell analytical
determinations:

Table 1-2: Shielded Analytical Laboratory
Procedure List for Tank C-109

PNL Procedure Number | Procedure Title
e . RS-l BN RLANTEEE—

PNL-ALO-101, Rev. 1 Acid Digestion for Metals Analysis

PNL-ALO-102, Rev. 0 Fusion of Hanford Tank Waste Solids

PNL-ALO-103, Rev. 1 Water Leach of Sludges, Soils, and Other Solid
Samples

PNL-ALO-213, Rev. 0 Mercury in Water, Solids, and Sludges by Manual

. Cold Vapor Technique :

PNL-ALO-120, Rev. 0 Extraction of Single Shell Tank Samples for the
Analysis ‘of Semi-Volatile Organic Compounds

PNL-ALD-225, Rev. 0 Measurement of pH in Agqueous Solution

PNL-ALO-320, Rev. 0 Method for Extractable Organic Halides (EOX) in
Solids

PNL-ALO-504, Rev. 1 Percent Solids Determination of Hanford Tank Waste
Sludges

PNL-7.40.42, Rev. 0 Determination of Carbon-14 in Radioactive Liquids,

Soils, and Studges

Low sample recovery required that a reduced work scope be performed on
Core 47 and Core 48 composite material. The LOI (9258244) from Hanford
Analytical Services Management (HASM) resulted in test instructions that
prioritized the order in which samples were processed. Acid digestions for
ICP and GFAA, fusions, water leaches, and mercury preparations were conducted
on all three cores. Subsamples were aliquoted from Cores 47 and 49 for SVOA.
Samples from Core 49 were weighed for EQX.

1-8
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Insufficient sample was available to conduct the analyses per
procedure while maintaining the level of quality control

requested.

Sample weights and/or final volumes were reduced to facilitate
waste minimization.

Sample weights and/or final volumes were altered to increase the
concentration of certain analytes of interest. This was done to
meet the procedural concentration ranges needed te perform the

analyses.

The following table lists the sample preparatory procedure deviations

performed during the processing of Tank C-109:

Table 1-3: Tank C-109 Sample Preparation Procedure Deviations
= ———————————— . ——————————————
Sample Sample
Sample ACL Size Yolume Reagent
1D Number Deviation Deviation Deviation Qbserved Effect
47/49-LC 93-01354-A No Yes No None
47-CC 93-01358-A Yes Yes No None
48-1D 93-01361-A Yes Yes No None
48-CC 83-01363-A Yes Yes No Nane
49-1D 93-01367-A Yes Yes No None
49-CC 93-01371-A Yes Yes No Nane
47-CC 93-01358-8 Yes Yes Ko None
48-CC 93-01363-B Yes Yes No None
49-CC 93-01371-8 Yes Yes No None
47-18 93-01355-C Yes Yes No None
47-1C 93-01356-C Yes Yes Ho None
47-10 93-01357-C Yes Yes Ho None '
47-CC 93-01358-C Na Yes No None
48-1C 93-01360-C Yes Yes No Hone
48-1D 93-01361-C Yes Yes No Hone
48-CC 93-01363-C No Yes No Kone
45-18 93-01365-C Yes Yes No None
43-1C 93-01366-C Yes Yes No None
43-10 93-01367-C Yes Yes No None
43-CC 93-01371-C Ho Yes No Hone
1-10



Table 1-3: Tank C-109 Sample Preparation Procedure Deviations

WHC-EP-0668

—

47-CC 93-01358-0 No Yes No None
48-CC 93-01363-D No Yes No None
49-CC 93-01371-D No Yes No None )
47-18 93-01355-H No Yes No None
47-1¢C 93-01356-H No Yes Ha None
47-1D 93-01357-H No Yes No None
47-CC 93-01358-H No Yes Ho None
48-1C 93-01380-H No Yes No None
48-10 33-01361-H No Yes No None
4§-CC 93-01363-H No Yes No None
49-18 93-01365-H Ko Yes No None
49-1C 93-01366-H No Yes No Neone
43-1D 93-01367-H No Yes No None
49-CC 93-01371-H No Yes Ng None
47-18 93-01355-K Yes N‘o Ho None
47-1¢ 93-01356-K_ Yes Mo No None
47-10 83-01357-K Yes No Ho None
47-CC 93-01358-K Yes No No None
48-1¢C 93-01360-K Yes No Ha None
48-10 93-01361-K Yes_ No No None
48-CC 83-01363-K Yes Na No None
43-18 93-01365-K Yes No No None
49-1C 93-01366-K Yes No No None
49-10 93-01367-K Yes No No None
43-CC 93-01371-K Yes No No None

It should be noted that all deviations performed were minor changes to

parameters such as sample size and final volume, and that these changes did

not alter the actual chemistry inveolved.

Sample sizes and final volumes for

all sample preparations are documented in the project records and are included

in Appen

dix C.
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Transhion #1 Transition #2 Teanshion #3
Sample Aun Rangs Oneal Peak Enthalpy Rangs Onset Paak Enthalpy Ranga Onsel Paak Enthalpy
(€} {C) 1€} [dig} 4] () (1] {Jig) ({C}) (€} (€] RELY
Core 47 18 1 33-150 83 PE] 298 190-338 250 280 1604 NONE CBSERVED
2 35-150 57 85 401 190-338 250 280 1516 NONE OBSERVED
Core 47 16 1 33-144 50 88 420 187-314 217 202 505 180-456 ETTY 404 92
2] 35144 56 82 421 187.218 217 284 514 180-461 398 418 52
Care 47 1D ] 34-148 54 a 816 190-388 2113 273 548 J8B-4418 375 an 21
2] 34154 84 a6 g1g 194-368 238 274 487 NONE OBSERVED
Gare 47 Comyp. 1 34-150 56 93 788 168-330 218 284 1108
2|l a4-rs0 55 ['H 772 150-322 218 202 1062
Cos 49 18 1 35-115 a7 85 429 193-373 270 288 2393 NONE OBSERVED
2{| 33-109 33 78 a6e 197-341 270 285 1982 NONE OBSERVED
Cose 43 1C ) 35-107 110 124 728 197-316 248 280 530 NONE OBSERVED
21| 33153 13 106 587 167-311 237 288 500 NONE OBSERVED
Cote 43 1D i 34-150 85 T 691 152-324 220 278 224 379-474 190 408 42
2| a3s-18e 77 113 733 188-315 210 273 2688 379-482 wr 420 53
Core 49 Comp. ' 24-182 110 122 1307 194.325 248 285 1216 NONE OBSERVED
2 24-168 ap 119 620 190-329 240 287 628 NONE OBSERVED

B1BQ DL473WLL0|B)
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Transition #1

Transition #2

Sample Range Onsat Peak Enthalpy Range Onsat Paak Enthaipy
(C) (G (G {J/g) {C) {6 (S {J/a}
Core 48 1D 34-196 112 124 1121 196-255 198 212 7
34-166 95 123 947 185-237 198 209 23
Transition #3 Transilion #4
Sample Range Onsel Peak Enthaipy Range Onsel Peak Enthaipy
(G {C) {C) (J/9) { €} { C} (€} {J/g)
Core 48 1D 249-336 270 286 -26 336-431 358 384 24
252-338 273 290 -28 338-419 359 388 38

Negative enthalpies indicate exolhermic behavior.

2R Dl4)BWLA0|R)
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Table 1-5: SST Cores 47, 48, and 49, Scanning Thermogravimetric Data

Transitfon #1 Transition #2 Transition #3

Sampie RAun Ranga Mass Loss Range Mass Loss ARange Mass Loss *
(&) (%) { S (%) (L] (%)
Core 47 1B 1 31-150 10.0 150-3386 18.0 338-500 35
2 31-150 10.4 150-338 17.8 336-500 3.1
Corra 47 1C 1 31-150 18.1 150-336 17.8 338-500 .7
: 2 31-150 18.0 150-338 17.4 338-500 3.7
Care 47 1D ° 1 31-150 19.7 150-370 7.0 370-500 1.8
2 31-150 19.7 150-370 6.5 370-500 1.8
Core 47 Comp. 1 31-150 15.6 150-338& 14.7 370-500 3.4
2 31-150 14.0 150-338 15,1 370-500 4.0

Core 48 1D 1 31-189 46.4 180-425 3.2 425-500 0.2
2 31-180 43.3 180-425 0 | 425.500 -0.2
Core 49 18 1 31-180 2.4 180-338 26.3 338-500 4.3
2 31-180 6.0 180-336 25.3 336-500 3.8
Cora 49 1C 1 31-180 28.8 180-338 14.3 336-500 2.7
2 31-180 30.8 180-338 141 336-500 2.9
Core 48 1D 1 31-180 29.6 180-350 9.4 350-500 1.1
2 31-180 29.0 180-350 9.7 350-500 1.1
Cora 49 Cam]:;. 1 31-180 27.5 180-338 15.1 336-500 3.5
2 J1-180 25.6 {180-338 16.4 336-500 3.9
* A Negalive Mass Loss is a Weight Gain
1-17
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PHYSICAL PROPERTIES

The physical p?operties which were measured on this core included weight
percent solids, pH, and particle size distribution. The wt% total solids were
obtained for each of the quarter segments and the core composites. The total
solids analyses were performed according to PNL technical procedure PNL-ALO-
504, "Weight Percent Solids." This analysis is a gravimetric determination of
the wt% solids as measured by the loss of mass in the sample after being held
in a drying oven at 105°C for 24 hours. The wt% water is calculated by
subtracting the weight percent solids from 100.

The wt% water values are given in Table 1-6. The wt% waters of the core
composite from Core 48 was significantly higher than the average of the
quarter segments from the Core 48. The core composite for Core 48 was the
subsample originally taken for VOA. This sample was taken immediately after
extrusion and prior to weighing the sample and taking pictures. This
difference in handling may account for the higher wt% water values measured in
these samples. The wt% waters measured on the other core composites (Cores 47
and 49) are lower than was observed in the average of the quarter segment
samples. This is due to increased handling of the core composite material in
the hot-cell environment.

Table 1-6: Cores 47, 48, and 49, Weight Percent Solids

Core Sample ACL Number WtX Water
47 1B 93-01355 19.3
1C 93-01358 28.4
10 93-01357 3.4
Composite 93-01358 21.5
48 1C 93-01360 52.8
10 93-01361 51.6
Composite 93-01363 57.7
49 18 93-01365 19.6
1c 93-01366 38.3
1D 83-01367 39.6
Composite 93-01371 27.8
1-18
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Table 2-la: SST Core 47, ICP Core Composite Fusion

[CP ANALYSIS REPQRT -+ XOH/Mi Fusion_s

PROJECT: SST Analyzed Date: 01/06/93
PROCEDURE : PNL-ALO-211 METE: WASS472
1 H2 Blank W3
Samp Log#: 93-01358 93-01358 93-01358
Bilucion: 1.00 1.00 1.00
ug/g Factar  3979.4 4379.4 4169.8
ICP Run # 199 400 398
**=Estimared*~
Sample Dupl. 20% Sample pupt. 20% Blank Blk-Oup oL [o18
ug/g ug/q RPO Flag ug/q wg/9 RPO Flag ug/g ug/q ug/mi ug,/mi,
Ag <0t <0y <OL 3.0078 0.0251
Al 114,856 118,690 3.3 <0L 0.1829  0.4096
As <0L <0L <0L 0.10%4  0.337%9
[} <OL QL <QL 0.05%6 0.1987
Ba (82} (79 <L Q0.0080 Q.0247
ge <0L <Ot <0t 0.0032 0.0107
ca 24,409 26,911 2.0 379 0.0016 0.00%4
[of-) <QL <QL <Ok 0.0075 0.0259
Ce QL <OL <0, . 0.1019  0.3396
Co <0, <Ol <0L 0.1865 0.6217
Cr 273 274 .5 <0L 0.01i3 2.0378
oy Cu ¢80} (90} <01 0.0088 0.0294
£ Dy QL <0L <0L 0.0053 0.017%
fe 20,231 23,379 4.4 M 0.010¢ 0.0334
X N/A H/A ] R/A 0.3173  1.057%
La <0L <0L <OL 0.0124 0.0414
Li <0t <0l <0L 0.0074  0.02¢6
Mg 868 &26 6.4 78 ¢.0003  0.0009
Hn 149 172 15.0 28 0.001¢ 0.0034
Mo <OL <0t <oL 0.0128 0 .27
Ha a7,144 87,158 0.0 1,5¢%0 0.0587 . .1957
Nd <Ot <0L <0t 0.0696  .1653
Ni N/A H/A N/A 0.0231 0.0758
P 7,221 7,336 1.4 <QL 0.0831 0.2/t
Re <0l <0OL <DL 0.0173  0.0576
Rh <0L <L <0L 0.08217 0.2738
Ru <0L <QL <0L 34.0350 0.1167
sb <0L <DL <04 0.0475 0.1584
Se <OL <0L <0L, 0.1515  0.50%Q
§i 14,787 14,738 13.0 1,352 : 0.0549 0.1830
sr T 204 203 0.5 0L 0.0004 0.001t3
Te <0L <QL QL 0.09350 0.3148
Th <QL QL <QL 0.0734 0.2648
Ti 385 216 54.5 0L, 0.00%4 0.0179
TL <L <L <0t 0.5492 1.2308
u 8,745 9,609 9.4 <OL 0.5376 1.7920
v <0L <OL 0L 0.00%0 0.03IM
2n 329 372 12.3 (34) 9.004%  0.0136
ar 0L <0t <0L Q.007& 0.3253
4 20,152 19,585 2.8 <01, 0.8133 2.3442

Note: 1} Values reliable to 2 1/2 significant digits, B8racketed results ( ) are qualitative.
2) Blank is reported in ug/g "equivalence" to indicate plank effact on sample.
1) sample results have not been adjusted for "bBlank" congrioution.
4) At 50-100 times the D.L., precision is estimated at »/-10% and accuracy at +/-15%%,
5) Sample 0L (ugsg) = (DL inm ug/mL) * (ug/g Factor)
&) Qff-line [EC: Results within 50X 0L potentially bias high.
7y 20% "=+ flag: RAPD > 20X and both sample results > 3*QL.

Data, including calibration/QC, archived File ICP-325-601- 01/06/93
A1/Q7/93

2-7
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Table 2-1b: SST Core 48 and 49, ICP Core Composite Fusion

ICP ANALYSIS REPORT -- XKOH/Ni fusions

PROJECT: SST Anatyzed Date:  01/06/93
PROCECURE : PNL-ALO-211 MATE: WASS472
H1 H2 Hi H2
samp Log#: 93-013483 93-01343 93-01371 93-01371 Blank analyzed with
Ditutions 1.00 1.00 1.00 1.00 93-01358
ug/g Facter 2994.0 2750.3 25463 2190.1
iCP Run # 40 402 403 404
rergstimated ™
Samgle Oupl. 20% Sample Dupt. 20% Blank Blkx-Oup oL eL
ug/9 ug/g RPD Flag ug/9 ug/9 RPD Flag ua/qg ug/g ug/ml ug/mi
Ag 0L <oL <0L 0L 0.0078  9.0251
Al 7,280 9,852 30,1 - 119,500 133,879 11.2 0.1829 0.5096
As <OL <0L <L <0t 0.1016  Q.3379
] <L <0y <0L 0L 0.0596 0.1987
3a 0 76 16.5 N %1 2.0080 0.0267
fe QL QL <0t <0L Q.0032 0.0107
Ca 16,782 18,525 9.9 14,476 15,245 8.2 0.00186  0.0054
Cd <gL <QL <0L <0t 0.007% 0.0250
Ce 0L QL <0L <0\ s 0.1019  0.33%6
Ca QL <L gL 0L 0.18585 9.4217
cr 268 251 6.5 215 218 1.5 0.0113 0.0378
Cu (50 Ry (613 (53) g.0088 0.0294
Oy QL QL <L 0L 0.0083  0Q.0176
Fe 23,318 20,614 14,4 9,267 8,938 3.4 0.0108 0.033%
4 N/A H/A N/A N/A 0.3173  1.05768
La <0L <0OL <0l QL 0.0124 0.0414
Li <OL <0l <0L <0L 0.0074 0.0268 -
Mg &81 849 4.8 334 347 1.8 8.0003  0.0009
Mn 145 126 16.2 3 82 n.a 0.0010  0.0034 -
Ma QL <0 (35) an 0.0128 0.0427
Na 105,934 93,250 13.7 81,7as 71,282 13.8 0.0587 0.1957 -
Nd <ot oL oL <0L ‘ 0.0496  0.1653
Ni N/A N/A H/A N/A - 0.023)1  0.0788
P (743) (55483 203 aLs 5.0 ¢.0a31 0.2771 ¢
Re QL QL 2-®t 0L 2.0173  0.0576
Rh <0l <0L 0L <0l 0.90821 0.2738
Ru <L <0L <L <0t 0.0350 0.1147
-] <0t <oL 0L 0L 0.0475 0.1584
Se <QL <QL 0L <0t 0.1515  @Q.5050Q
Si 2,078 2,25 8.2 2,264 2,3 5.6 0.0549 0.1830
Sr a3 489 18.7 167 170 1.5 0.0004 0.0013
Te <L <0l <L <ol 0.0950 0,3148
Th <0L <0L 0L gL 0.0734 0.2448
Ti an 0L <0OL (133 0.00%¢ Q.0179
TL <OL <ot <0L <01 ~ 0.5492 1.3308
u 27,793 21,498 24.6 * 5,588 (3,394) 0.5376 1.7920
v <0L 0L <OL 0L 0.0090 0.0301
In 370 320 14.3 79 e 4.7 0.0041  0.0138
ir 0L <qQL 0L <0L 0.0076 Q.0253
o 22,210 18,154 20.1 = 17,745 11,635 43.3 0.4133  2.0452

Noter 1) values reljable to 2 1/2 significant digits. 8racketed results ( ) are qualitative.
2} dlank is reported in ug/g "egquivaience® to indicate blank effect on sample.
J) sample results have not been adjusted for "blank" contribucion.
4) At 50-100 times the D.L., precision is estimated at +/-10% and accuracy at +/-15%.
5) Sample OL (u9s9) = (DL in ug/ml) * (ug/g Factor)
&) Off-line [EC: Results within S0X 0L potentially bias high.
7)1 20X = flag: RPO > 20% and both sample results > 3*qi.

Data, including calibration/QC, archived File 1CP-325-6401- 01/06/93
01/07/93
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Table 2-1c: SST Core 47 and 48, ICP Quarter Segments Fusion

ICP ANALYSIS REPORT -- XOH/MNi Fusions

PROJECT: SST ' Analyzed Dare: 01/08/93

PRCCEDURE: PNL-ALO-211 HETE: WAS5472
H1 He H1 H2 8lank
samp Log#: 93-01355 93-01355 93-01340 93-01340 93-01355
Dilution: 1.00 1.00 1.00 . 1.00 1.00
ug/g Factor  3481.4 2964 .5 2312.7 3131.4 2939.7
[CP Run 4 413 414 420 £21 412
re=gscimated ="
Sample oupl . 20% Sample Dupl. 20% Btank Blx-Oup oL aL
ug/ g ug/ g RPO Flag ug/ g ug/g RPD Flag ug/ g ug/g ug/ml, ug/mL
Ag <Ot <L <OL <0l <OL 0.0078  0.0261
Al 123,876 139,344 11.8 7,440 7,135 4.2 <0t 0.1829 0.40%96
As <0L <0OL <0L <0L <0L ‘ g.1014 0.3379
1 <0L <0L <0l <0L LLIR 0.0596 0.1987
Ba (84) 100 84 (75) <DL 0.0080 0.0287
fe <ot <OL <DL 0L <0L 0.0032  0.0197
Ca 10, 481 19,214 4.5 30,182 28,380 4.2 262 0.0016  0,0054
cd <DL <0 <QL <Ot <0L Q.0075 0.0250
Ce oL 0L, gL <GL <DL 0.1019  0.339%
Co <L 0L <OL <0l <L 0.1865 0.6217
Cr 204 211 3.1 478 312 42.1 <DL 0.0113 0.0378
Cu 199 205 2.8 152 (36) (29 0.0038 0.0294
Dy 0L oL <0l <0l <0t 0.0053 0.0176
fe 82,536 46,184 40.5 ¢ 22,752 17,233 27.4 - 610 0.0100 0.0334
X N/A N/A /A N/A N/A 0.3173 1.0578
La (M) 1213 <0l <0y <0L 0.0124 0.0414
Li 0L <ol 0L oL <01 0.0076  0.0266
Mg 1,200 515 64.5 732 472 8.5 65 0.0003  0.0009
Hn S0 425 17.2 218 274 14.0 121 0.0010  0.0034
Mo <DL (63} an QL <0L 0.0128 9.0827
Na 49,492 52,621 5.3 138,334 93,34, 3a.8 - 1,164 0.0587  0.1957
Nd <L oL <oL <aL 0L G.0496  0.1853
Wi /A N/A N/A N/A N/A 0.0231 0.0758 7%
Pb 5,53¢ 4,568 19.1 (635) (473 <OL 0.0831 1 /73
Re 0L <oL <Ot QL <OL 0.0173 4576
Rh <ol <L <OL <BL QL g.0821 0L.2738
Ru <0t <0L <0L <0L <L 0.0350 0.11&7
sb <Ot <oL <GL <L <oL 0.06475  0.1584
Se <0L <ol <0L <0, <L 0.1515  0.5050
Si 18,466 18,948 2.7 3,420 2,350 37,1 ~ 0L 0.0549 0,1830
sr 149 166 1.9 457 548 18.1 <0L 0.0004 0.0013
Te <ot QL <0L <0L <0L 0.09%0 0.3158
Th oL <OL <0t <0L <L 0.0734  0.2443
Ti 426 392 7.7 <DL 34 <0l 0.0054 0.0179
T <0l <ot gL <0L <oL 0.5492 1.8308
u 11,529 12,032 4.3 18,058 15,381 16.0 <0L 0.5376 1.7920
v oL <L <0L 0L 0L 0.0090 0.0301
In 344 341 0.8 398 347 13,9 54 0.0041 0.0136
ir (S3) <0l <Ol <0L <0t 0.0076 0.0253
P (7,364) 7,889 26,248 20,259 25.7 « <0L 0.6133 2.0442

Hote: 1) Values reliable to 2 1/2 significant digits, #8racketed results ( ) are qualitative.
2) 8lank is reported in ug/9 “equivalence" to indicate blank effect on sample.
3) Sample results have not been adjusted for "blank” contribution. '
4) At 50-100 times the 0.L., precision is estimated ac +/-10% and accuracy at +/-15%.
5) Sample DL {(ug/g} = (DL in ug/mL) = (ug/9 Factor)
&) Off-line 1EC: Results within SOX OL potentially bias high.
73 20X v=¢ flag: RPO > 20% and bath sample results > 3+qL.

Dacta, including calibration/QC, archived Fila [CP-325-401- 01/08/93
01/11/93
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Table 2-1d: SST Core 47, ICP Quarter Segments Fusion

ICP AHALYSIS REPORT -- KOH/Ni Fusions

PROJECT: SST ’ Analyzed Date:

01/08/93
WAS5472

TerEstimatedtrr

aL

PROCEDURE: PANL-ALO-211 METE:
H1 H2 H1 B2
Samp Log#: 93-01356 93-01354 93-01357 93-01357 Blank analyzed with
PDilution: 1.00 1.00 1.00 1.00 93-01355 & 93-01350
ug/g Factor 2267.2 2451.0 3ar.3 2495.8
ICP Run # 415 414 418 419
Sample oupt . 20% Sample Dupt . 0% Blank 8lk-Dup oL
ug/9 ug/9 RPD Flag ug/g ua/g RPD flag ug/g ug/g ug/mi
Ag <0L <OL <OL <0L 0.0078
AL 119,719 120,885 1.0 32,707 31,318 4.3 0.182¢9
As <QL <L <QL <OL 0.1014
8 <L 0L <ot <0l 0.059%
Ba (44) (48) (7N 79 0.0080
Be <OL <0L <QL <0t 0.0032
Ca 18,3159 17,736 3.5 28,779 27,187 5.7 0.004%
Cd <0l <0L <0L <OL 0.0079
Ce <OL <0L <ot <L 0.1019
Ca <01 <gL <QL <QL 0.1865%
cr 242 217 10.8 3o 265 12.5 ‘ a.9113
Cu 126 136 9.2 (81) (38) 0.0083
oy <0l <L <0L <0L 0.0083
fe 15,330 26,502 S3.1 - 17,085 13,521 23,3 -+ 0.0100
X H/A N/A N/A /A 0.3173
La (35) <QL <0f, <0L 0.0124
Li <0L <0t <0t <0t 0.0074¢
Mg 363 365 0.5 545 577 5.8 0.0003
Mn 197 252 24.3 T n 07 56.6 - 0.0010
Ma (41 (43 <OL <0t 0.0128
Na 83,188 62,933 0.4 101,673 103,804 1.9 0.0587
Nd <ol <DL <0t <«QL 0.0496
Ni H/A N/A N/A H/A 0.0231
Pk 2,985 2,779 7.2 18,572 10,014 59.9 = a,0831
Re QL <OL <0t 0L 0.0173
Rh <0L <0t <0L <0L 0.0821
Ru <0l <0t <0L <DL 0.0350
11 oL <DL <oL . <OL 0.047%
Se <0l oL <0L, <0L 0.1515
Si 6,032 6,183 2.5 T 23,8487 20,544 4.9 0.0549
sr 143 138 3.2 203 189 7.4 0.0004
Te 0L oL <L L ¢.0950
Th <L 0L <OL <0l 0.0734
Ti 101 116 13,4 164 224 30.0 ' 0.0054
Tt <0l 0L <0 <0L 0.5492
u 4,615 5,680 15.2 6,264 $,661 13.7 9.537%
v 0L QL <0L <0L 0.9090
in 251 276 8.4 245 232 5.5 0.0041
ir «OL <Dt <0L <0t 0.0076
P 12,566 12,336 1.8 29,014 31,182 7.2 0.6133
Note: 1) values retiable to 2 1/2 significant digits. Sracketed results ( ) are qualitative.
2) dtank is reparted in ug/g "egquivalence? to indicacte blank effect on sample,
3) Sample results have not been adjusted for “blank" contribution.
4) At 50-100 times the 0.L,, precision is estimated at +/-10% and acturacy at +/-)5%,
5) Sample OL (ugsg) = (DL in ug/mk) * (ug/g Factor)
8) Off-line IEC: Results within SOX DL pocentially bias nhigh.
7y 20% "ew ftag: RPO > 20% and both sample results > 3*OL.

bata, inctuding calibration/QC, archived File (CP-325-401- 01/08/93
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WHC-EP-0668
Table 2-le: SST Core 48 and 49, ICP Quarter Segments Fusion

ICP ANALYSIS REPORY -- KOM/Ni Fusions

PROJECT: SST ' Analyzed Date: 01/05/93

PROCEDURE: PNL-ALO-211 METE: wWASSaT72
H1 H2 H1 H2 8lank
Samp Log#: 93-91381 93-01361 93-01365 93-01345 93-01351
Dilution: 1.00 1.00 1.00 1.00 1.00
ug/g Factor 1958.9 2167.7 2123.7 2248.9 2119.4
ICP Run # 385 385 387 388 h+:74

*HrEStimatediT

Sample Dupt. 20% Sample oupl . 20% 8lank Btk-Dup oL oL

ua/g ug/g RPO Flag uy/g ug/g RPD Ftag ug/g ug/g ug/mL ug/mL

Ag <0L <OL <oL <OL <DL 0.0078 0Q.0261

Al 9,600 10,061 4.7 181,114 189,513 4.5 <0L 0.1829 0.6096

As <OL <DL <DL <QL <OL 0.1014 0.3379

] <0OL <DL <DL <DL <OL 0.0596 0.1987

8a 73 64 12.7 (56) <N <DL 0.0080 0.0247

Be <0L <0L <0L <DL <0L 0.0032 0.p0107

Ca 16,961 16,603 2.1 5,404 1,215 50.8 = 169 0.0016 9.0054

Cd <0L <0L <DL <0, <DL 0.007s Q.0250

Ce <0L <OL <DL <DL QL 0.1019  0.3396

Co <0L <0l <0L <DL <0t 0.1865 0.6217

cr 309 252 20.3 ~ 147 139 5.3 <0L : 0.0113  0.0378

Cu 231 (49) 178 208 15.5 (44) 0.0088 0.0294

oy <0L <0L <OL oL <OL 0.0053 0.0175

Fe 22,897 19,379 15.8 13,783 17,3717 3.0 - 287 0.0100 0.0334

K N/A N/A N/A N/A N/A 0.5173 1.0576

La <DL <DL 100 () <OL 0.0124 0.0414

Li <0L <L <0L <DL <0L 0.0074& 0.0246

Mg 590 574 2.6 213 158 29.8 44 0.0003  0.0009

Mn 172 114 40,2 =+ 180 265 30,3 » 149 0.0010 0.0034

Mo (39) (30) (55) (55} <0t 0.0128  0.0427

Na 101,127 102,850 1.7 45,066 40,977 9.5 1,032 0.0587 0.1957

Nd <DL <OL (123) <L <0L 0.0496  0.1653

Ni N/A N/A N/A N/A N/A G.0231 0.074a

Ph 724 662 9.0 2,074 1,900 4.8 <0l 0.0831 0.2771

Re <L <OL QL <0L <DL 0.0173  9.0576

Rh <0L L 18 <DL <0L : <OL 0.0821 0.2738

Ru <OL <DL <0L <DL <Dl : 0.0350 0.1147

Sb QL <OL <0l <0L <01 0.0475%  0.1584

Se <L oL <DL <DL <DL 0.1515  0.50%0

si 2,531 - 1,899 28.5 * 3,075 2,77 12,4 <0l 0.054% 0.1830

Sr 466 459 1.7 111 93 17.4 QL 0.0004  0.0013

Te <L <L <OL <DL <01, 0.0950 Q.3168

Th <L <0L <DL <0t <0L 0.0736 0.2448

T4 3N (24) 84 46 58.7 <0L 0.005¢ 0.0179

Tl <DL <Ol <0l <OL <DL 0.5492 1.8308

u 14,622 14,101 3.4 8,456 7,166 1914 <DL 0.5376 1.7920

v <L <0L <DL <OL <QL 0.0090  0.0301

Zn 346 269 25.1 » 664 419 7.0 75 0.0041 0.0136

ir <0L <0L <0t <DL <0OL 0.0076 0.0253

p 20,2447 21,830 6.6 4,572 (3,649} <0L 0.6133  2.0442

Note: 1) Values reiisble to 2 1/2 significant digits. Bracketed results ( } are qualitative,
2) Blank is reported in ug/g "equivailence” to indicate blank effect on sample.
3) sampie results have not been adjustad for "blank" contribution.
4) At 50-100 times the 0.L., precisfon is estimated at +/-10% and accuracy at +/-15%.
5) Sample DL (ug/g) = (DL im ug/mL.) * (ug/g Factor) :
&) Off-line IEC: Results within 50X DL potentialiy bias high.
7y 20X '*n flag: RPD > 20% arid both sample results > 3%qL,

Data, including calibration/QC, archived File ICP-325-401- 01/05/93
01/07/93
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WHC-EP-0668
Table 2-1f: SST Core 49, ICP Quarter Segments Fusion

ICP ANALYSIS REPORT -- XOH/Ni Fusions

PROJECT: SST ) Analyzed Date: 01/05/93%
PROCEDURE: PNL-ALD-211 . METE: WASS472
H1 H2 11 H2
Samp Log#: 93-013566 93-013456 93-01367 93-01347 Blank analyzed with
Dilution: 1.00 1.00 1.00 1.00 93-01361 & 93-01345
ug/g Factor 2108.4 2204.3 2228.6 2282.2
ICP Run # 389 390 39 92
rrrEstimatedwr
Sample Dupl. 20% Sample Dupl. 20% Blank Blk-Dup oL +1
uq/g ug/g RPD Flag vg/g ug/g RPD Flag ug/g ug/g ug/mi ug/mL
Ag 0L <0L L <o, 0.0078  0.0261
Al 97,539 94,009 3.7 73,535 68,249 7.5 0.1829 0.4096
As <DL <0L <Ot <DL 0.1016  0.3379
] <DL <0L <OL <0L 0.0596 0.1987
Ba 42y (3%) (59 (61) 0.0080 0,02467
Be <DL <DL <OL <DL 0.0032 0.0197
Ca 18,864 18,248 3.3 21,3346 23,4694 10.5 0.0016  0.0054
cd <OL <L <OL <DL 0.0073 0.0250
Ce <OL <0l <oL <0L 0.1019  0.3394
Co <0L <0L <DL <DL 0.1865 0.6217
cr 207 230 10.5 244 273 1.2 0.0113  0.0378
Cu (59 164 (63) 128 0.0088 0.0294
Dy <oL <OL <oL <0t 0.00%3 0.0175
Fe 4,333 4,816 10.8 13,611 17,210 233 = 0.0100 0.0334
K N/A N/A N/A N/ 0.3173 1.0576
La ) <0L <OL <0OL <0L 0.0126 0.0414
Li <DL <OL <OL <OL 0.0074 0.0246
Mg 294 284 3.3 4469 526 11.5 0.0003 Q.0009
Mn 139 181 26.0 * 270 269 0.4 0.0010 9.0034
Mo (38 (38} (40} (50} 0.0128 0.0427
Na 40,864 54,861 8.3 90,234 92,536 2.5 0.0587 0.1957
Nd <0L <0L <0L <oL 0.0496  0.1653
Ni N/A N/A N/A N/A 0.0231 0.07468
Pb ¢407) (335) 495 762 9.2 0.0831  Q.2771 .
Re <DL <QL <DL <DL 0.0173 0.0576
Rh <0L <QL <OL QL ¢.0821 0.2738
Ru <DL <0L <OL <DL 0.0350 0.1167
sb <0L <L <OL <OL 0.0475 0.1584
Se <OL <OL <DL <01, 0.1515  0.505Q
-1 832 935 11.7 1,461 1,908 26.6 ~ 0.0%49 0.1830
Sr 79 7S 4.0 404 453 11.5 0.00046 0.0013
Te <Dl <DL QL <OL 0.0950 0.3148
Th <0OL <DL <GL <OL 0.0734  0.2648
TH <0L <OL (12} aFs! 0.0056 0.0179
Tl <DL <0OL <0l <DL 0.5492 1.8308
u 1,169  (1,432) 11,547 13,238 13.86 0.5376 1.7920
v <DL <OL <0OL <L 0.0090 0.0301
Zn 343 279 20.6 ~* 323 380 16.2 0.0041 0.0135
ar <OL <0L <DL <0t 0.0078 0.0253

P 11,370 11,580 1.8 20,473 20,315 0.8 0.6133  2.0442

Note: 1) Values reliable to 2 1/2 significant digits. Bracketed results ( ) are qualitative,
2} Blank is reported in ug/g "equivalence" to indicate blank effect on sample,
3} Sample results have not been adjusted for "blank" contribution.
4} At 50-100 times the D.L., precision is estimated at +/-10% and accuracy at +/-15%.
5) Sample DL (ug/g) = (OL in ug/mL) * (ug/g Factor)
6) 0Off-line [EC: Results within 50X DL potentially bias high.
7) 20% n*n flgg: RPD > 20% and both sample results > I*aL.

Data, including calibration/QC, archived File [CP-325-401- 01/05/93
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WHC-EP-0668

Table 2-1g: SST Core 49, ICP Quarter Segment ID, Top and Bottom,
Re-Homogenization Test, Fusion

ICP ANALYSIS REPORT -- KOH/Ni Fusions

PROJECT: SST ' Analyzed Date:  12/02/92
PROCEDURE : PHL-ALO-211 . METE: WAS5672
93- 93- 93- 93- 93-
Samp Log#: 01367-H1T 01347-H2T 013467-K18 01347-H28 01367-H3
Dilution: 1.00 1.00 1.00 1.00 1.00
ug/g Feactor 2156.4 2151.4 2185.1 2193.9 2171.6
ICP Run # 232 231 233 234 230
*HEEStimatedten
Sample Dupl. 20% Sample Dupl . 20% Blank 8ik-Dup DL aL
ug/g ug/g RPD Flag ug/g ug/g RPD Flag ug/g ug/g ug/mi ug/mi
Ag <OL <DL <L <OL <0t 0.0078  0.0251
Al &1,744 62,999 2.0 53,141 55,933 5.1 <0L 0.1829 0.6096
As <0L <DL <0L <QL <DL 0.1014  ¢.3379
8 <DL <OL 0L <0l <0L 0.0596 0.1987
Ba (54} (51} (49) {48) <OL 0.0080 0.0267
Be <0l <OL <DL <OL <DL 0.0032 0.0107
Ca 21,659 22,196 2.4 21,443 21,7461 1.4 156 0.00t6  0.0054
cd <0OL <OL 0L <0L <0l 0.0073  0.0250
Ce <QL <OL <0L <0L <0L 0.1019  0.3396
Co <0L <L <OL <0l QL 0.1865 0.6217
cr 253 263 3.1 241 248 3.1 <0L 0.0113  9.0378
Cu {58) 154 (56) (48} <DL 0.0088 0.0294
Dy <DL <0OL <DL <0L <01 0.0053 8.0176
Fe 13,714 14,647 5,2 12,753 12,811 0.5 141 0.0100 0.0334
K N/A N/A N/A N/A N/A 0.3173 1.0576
La <DL <DL <OL <DL <0L 0.0124 0.0414
Li <DL <DL <DL QL oL 0.0074 Q.0246
Mg 471 486 3.2 454 465 2.4 35 0.0003 0.0009
Mn 178 169 5.1 123 102 2.1 ~ 90 0.0010  0.0034
Mo (32) (41) <QL “QL <QL 0.0128 0.0527
Na 90,812 90,543 0.3 90,231 89,172 1.2 744 0.0587 0.1957 .
Nd Qq <DL <Ol <0OL <DL 0.04%96  0.1653
Ni N/A N/A N/A N/A N/A 0.0231 0.0768
Pb 625 T&5 17.6 &46 650 0.5 <QL 0.0831 0.2771
Re <DL <0L <DL, <DL <0L 0.0173  0.057%
Rh <DL <OL <DL <0L <0L 0.0821 0.2738
Ru <OL <ol <0L <DL <OL 0.0350 0.1167
sk <DL <0L <DL, 0L <L 0.047% 0.1584
Se <DL <0L <L <0, <DL 0.1515  0.50%0
Si 1,257 1,477 161 1,176 1,229 4.4 <DL 0.0549 0.1830
sr 409 412 0.6 363 386 5.7 DL 0.000& 0.0013
Te <0L <Ol <DL <0L <DL 0.0950 0.3168
Th <0l <OL L <0L QL 0.0734  0.2448
Ti <OL <0L <0L <0L <DL 0.0054 0.0179
Tl <oL <oL <DL <0L <DL 0.5492 1.8308
u 12,251 13,080 4.5 10,829 11,783 8.4 <QL 0.5376 1.7920
v <0L <0OL <DL <l <0L 0.0090 0.0301
In 317 372 14.0 278 273 1.7 37 0.0041 0.01346
ir <Ol <OL <OL <DL <QL 0.0076 0.0253

P 18,653 19,072 2.2 19,539 18,626 4.8 <0t 0.6133  2.0442

Note: 1) Values reliable to 2 1/2 significant digits. Bracketed results ( ) are quatitative.
2) Blank is reported in ug/g "equivalence" to indicate blank effect on sample.
3) Sampte results have not been adjusted for "biank" contribution.
4) At 50-100 times the D.tL., precision is estimated at +/-10% and accuracy at +/-15%,
5) Sample DL (ug/g) = (DL in ug/mL) * (ug/g Factor}
6) Off-line [EC: Results within 50X OL potentially bias high.
7) 20% u*v flag: RPD > 20% and both sample results > 3*alL,

Data, including calibration/0C, archived File [CP-325-401- 12/02/92
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WHC-EP-0668

Table 2-2a: SST Core 47, ICP Core Composite Acid Digestion
[CP ANALYSIS REPORT -- ACID DIGESTION
) Frwwsww  Sample Resulgs vwwewww Analyzeg Oate: 01/18/93
Praject: SST METE: WASS47Z
Procedure: PNL-ALO-211 Page 1 af 2
Samo Log#: 93-01358a1 93-01358a1 93-01358a2 93-01358a3
Dilution: 1.00 10.00 1.00 1.00
ug/q Factor 212.27 2122.49 217.58 220.09
ICP Run # 468 487 459 443 vewEsrimrcegte*
oL L
Sample Sample Dupl . bupl . Flank 3lank
ug/q ug/g Mif ug/g ug/g Wif ug/g ug/g Dif ug/ ug/mt,
Ag <0l <0L <L <oL 0.0078  0.0251
Al 74,113 74,745 0.9 71,4814 <ol 0.1829 0.5096
As <L <gL <QL <0t 0.1014 0.337%
8 146 ¢141) 108 121 7.0594 0.1987
8a Sé& 59 5.4 58 (6) 0.00B0  Q.0267
e <ol <OL 0L <L 2.0032 Q.0m907
Ca 19,503 21,991 12.8 20,541 7 2.0076  0.0054
cd 13 (20) 11 QL 0.007%  0.0250
Ca 75 (273} 78 <ot 0.1019  0.33%96
Ca (59 <0L (50) 0L 0.1885 0.48217
cr 214 225 4.4 229 0L 0.0113  §.0378
Cu 45 (62) 54 <ol 2.0088 0.0294
Dy (23 (15) (2} <0L 0.0053 0.0176
fa 35,176 34,514 3.8 22,385 L0 0.cmpQ 0.0334
X 581 (9%4) 593 <0L 9.3173  1.057&
La a1 93 14.6 31 <0L 0.0126  0.0414
Li (%) (18} (&) oL 0.0074 (.0264
Mg &hd 81 8.3 493 43 0.0003 0.0009
Mn 162 167 3.0 104 [0} 0.0010  90.0034
Mo 43 (50} 43 <L 0.0128 0.0427
Ha 81,535 82,155 0.8 82,178 2 0.0587 0.19%7
Hd 130 (208) 129 0L 3.04%6  0.1853
Ni 14,555 15,427 4.0 14,884 <L 0.0231  9.0748
4.} 9,95% 19,506 5.5 7,252 <ot 0.08%17 0.2IM
Re (10 0L (%} 0L 0.0173  0.0876
Rh <oL <QL <0t QL 0.0821 09.2728
fu <L <QL <QL <0, 0.035Q@ 0.1187
sb &3 L 47 <L 0.0475 0.1584
Se QL <OL <0l 0L 0.151%  0.5050
51 1,459 1,701 2.4 2,148 99 0.0549 0.1830
Sr 1aa 190 1.2 190 i 0.0006 0.0013
Te s QL n <L 0.9950c 0.3148
Th 68 (234) n <0l 0.0734  0.2448
Ti 55 &3 14,4 &b 0L 0.005¢ Q.79
Tt oL 0L <0L <QL 0.5492 1.3308
u 10,454 11,663 11,4 10,955 0L 0.53756 1.7920
v 15 (21 13 ol g.0090  0.0301
in 267 398 8.9 264 3 0.0041  0.0138
ir (4) 0L (D oL 0.0076 0.0253
P 18,434 19,039 3.3 18,4847 <0l 0.5133 2.0442
8i
Note: 1) Values reliable to 2 /2 significant digits. Sracketed rmsults ( } are qualitative.
2) Blank is reported in ug/g “squivalence* to indicace blank effect on sample.
3) The grocess "Slank" has not been subtracted from the “Samole 2 Juplicated results.
4) At 50-100 times the D.L., precision is estimaced at +/-10% and accuracy at +/-15%.
5) n"Egtimated” Sample Oetection Limit (ugsg) = (DL in ug/m) ~ (ug/g Factor)
4) 0Off-line [EC: Resuits within 50X DL potentially bias high.
Oaca, including calibration/QC, archived File ICP-325-601 4Q1/18/93
01/21/9%
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WHC-EP-0668

SST Core 47, ICP Core Composite
QC Results

Table 2-2b: Acid Digestion

[CP ANALYSIS REPCRT -- ACID DIGESTION

Project: SST FrwwwAEEr AC Results TerewTersw Analyzed: 01/18/9%
Procedure: PHL-ALD-211 METE:  WASS472
Page 2 of 2
Samp Log#: 93-01353a4 93-31358a5
pilutions 1.00 1.00
ug/g Factor: 221.27 100.46
[CP Run #: 470G 4é66
reamssmsssssasssassan e T E E LT e LRy EEES
Spike Spikes Spike+ Spike Spike Spike
Ave alla2 20%  Added Sample Sample Spk S1D Control Control
ug/g RPD Flg ug/g ug/g ug/g Xif %Rec Flag ug/mi ug/mt, ug/m.  MDif XRec
Ag N/A 115.1 a2 72 50.0 41.7 a3. 4
Al 72,863 3.4 575.5 85,338 N/A # 250.0 231.1 92.4
As N/A 460.4 39Q as 200.0 194.5 97.3
g8 127 29.6 o]
8a 57 3.3 115.1 176 103 50.0 54.1 112.1
ge /A 11.5 12 102 5.0 5.1 102.3
Ca 20,022 5.2 1,151.0 21,474 N/A # 500.0 361.8 72.64
cd 12 17.5 57.6 54 9 25.0 25.1 100.3
Ce 7 3.5 as
Co N/A (70)
cr 223 5.8 t15.1 334 97 $0.0 49.9 99.8
wefmms Cu 5¢ 18.3 61
g oy N/A (3
Fe 28,781 44.4 0~ 115.1 20,165 N/A # 50.0 2.3 44 .4
14 587 2.1 2,302.0 2,854 98 1000.0 1031.8 103.2
La 81 0.8 79
Li N/A (5)
Mg 469 1004 583
Mn 136 462.2 ~ 23.0 125 -38 # 10.0 10.1 101.3
Mo &3 1 47
Na 81,856 0.8 2,302.0 45,508 H/A # 1000.0 853.1 85.3
Nd 129 0.3 132
Ni th, 720 2.2 115.1% 14,721 N/A # 50.0 50.8 101.6
Ph 83,606 31.5 * 1,151.0 8,195 -36 # 500.0 493.2 98.46
Re H/A 1m
Rh N/A <DL
Ru N/A <0t,
sb 45 0.5 54
Se N/A 1,151.0 494 &0 500.0 I132.9 8.6
5i 1,903 25.7 = 1,151.0 2,236 29 500.0 73%.3 147.9
sr 189 1.0 192
Te 72 2.2 85
Th 49 4.3 856
Ti 59 15.1 145
T1 N/A <0L
u 10,706 4.7 2,302.49 12,677 8 # 1000.0Q 976.2 97.4
v 14 14.9 115.1 107 81 50.0 51.3 102.8
n 256 8.5 221
r N/A 115.1 10 8 50.0 471 94.1
P 18,441 0.1 19,299
8i N/A 1,151.0 500.0
Note: 1) Values reliable to 2 1/2 significant digits. Bracketed results ( ) are qualitative.

2) At 50-100 cimes the O.L., precision is estimated at +/-10% and accuracy at +/-15%.

3) The process "Blank" has been subtractad from the "Spiks Control" resuits.

4) Spike Flag (#); Spike is less than 25% of sample concentration; Zrecovery for informacion anty.
5) 20% Flag (*): RPD > 20% and both sampie and duplicate results > 3*dL.

&) If spike is <10X% of sampie concentration, ¥Rec is motr calculated as indicated by the 'nsan,
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WHC-EP-0668"
Table 2-2c: SST Core 48, ICP Core Composite Acid Digestion

[CP ANALYSIS REPORT ~-- ACID OIGESTION

) reemter Sample Resultg vveewes Analyzed Oate:  01/18/93
Project: §57 MLTE: WAS35472
Procedura: PNL-ALO-211 Page 1 of 2
Samo Logd: 93-01363a1 : 93-01363a2 93-01343a2
0ilution: 1.00 1.00 10.00
ug/q Factor 202.72 217.25% 2172.50
ICP Run # 476 475 474 serCotimated*™™
oL oL
Sample Sampole Oupl. Oupt. 8lank 8lank
ug/g ug/g Dif va/q ug/q  ADif ug/g ug/g MDid ug/mi. ug/m
Ag <L <DL, <ol 0.0078 0.0251
A 4,241 8,597 6,512 1.3 0.182%  0.4096
As <0L <ol <L g.1014  0.3379
] 109 161 (157 0.0596  0.1987
8a (3] 54 {55) 0.0080 0.0247
Be <0L <DL <L 0.0032 0.4107
Ca 14,376 109,734 11,407 6.3 0.001&6 0.0054
cd 7 10 <0k 0.0075 0.0258
Ce <0y (34) <0t, 0.1019 0.339%
Co <0L <0l <ot 0.1865  Q.4217
cr 212 208 210 1.2 0.0113 0.0378
Cu 14 28 (2H 0.0083 0.0294
oy (N (&3] (18 0.0053 6.0176
Fe 13,929 26,461 26,521 0.2 ¢.0100 0.0334
4 509 445 (1,048) 0.3173 1.0578
La €3] {73 <0, 0.0124  0.0414
Li 9 9 {22) 0.0076  0.0244
Mg 527 &97 521 4.8 0.0003  0.000%
Mn 54 133 128 9.4 0.0016  0.0034
Mo 31 n (33) 0.0128 0.0427
Na 81,5822 93,517 92,587 1.0 0.0587 0.1957
Nd 43 45 (130) 0.0496  0.1653
Ni 146,307 14,732 15,073 2.3 0.0231 0.0748
Pt 584 &26 827 0.1 . ©0.08%31 0.2
Re )] (&) <0L 0.0173  0.0576
Rh <0t <L 0L . 0.0821 0.2738
Ru <ol an <0L 0.0350 0.1147
sb ¥ &7 <0L 0.0475 0.1584
Se <0L 0L <L 0.1515  0.5050
si 1,229 . 1,396 . 1,174 15.8 0.0549  0.1830
sr 197 &92 488 1.3 0.0006 0.0013
Te 0L oL 0L 0.0950 0.3168
Th (30) 9 (229) 0.0734 0.2648
Ti 8 13 0L, 0.0054  0.017%
Tt 0L <0L, 0L 0.5492 1.3308
u 12,684 17,377 18,147 4.4 0.5376 1.7920
v (4) 9 «0L 9.9099  0.0301
in 196 195 277 41.7 0.004t  0.0134
Ir (5) 10 0L 0.0076 0.0253
P 14,487 19,591 19,591 0.0 0.6133  2.0442
8i

Hote: 1) Values reliable to 2 1/2 significant digits. 8racketed results { ) are qualicacive.
2) Blank is reported in ug/g "sgquivalence” to indicate blank effect on sample.
3) The process “Slank” has not been subtracted from the "Samole & Duplicate® results.
4) At 50-700 times the O.L., precision is estimated at +/-10% and accuracy at +/-15%.
5) *Estimaced" Samole Derection Limit (ug/g) = (DL in wg/mL) * (ug/g Factor)
&) Off-line IEC: Results within 50X OL potentially bias high.

Data, including ealibracion/QC, archived File ICP-325-401 0Q1/18/93
01/21/93
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WHC-EP-0668

Table 2-2d: SST Core 48, ICP Core Composite Acid Digestion
QC Results

ICP ANALYSIS REPORT -+ ACID DIGESTION

Project: 8sT fikkdidid Q0 Results Federrees Analyzed: 01/18/93
Procedure:  ANL-ALO-211 METE:  WAS55472
Page 2 of 2
Samp Log#: 93-013463a4
Ditution: 1.00
un/q Factor: 233.0%
ICP Run #: 477
D L L L PR PR D PR TR PlAeaeaunarararesrrsnracccrarsr s asnasenannn >
Spike Spikes Spike+ Spike Spike Spike
Ave al&a2 20%  Added Sample Sample spk sTD Controt Control
ug/g RPD Flg ug/g ug/g ug/g XDif XRec Flag wug/mi ug/mb. ug/mt.  YDif XRec
Ag NIA 114.0 B4 72 $0.0
Al 6,619 5.6 579.9 12,226 N/ # 250.0
As /A 463.9 399 BS 200.0
8 135 38.5 114
-1 51 12.5 114.0 167 100 50.0
3e N/A 11.56 10 87 5.0
Ca 12,555 29.0 * 1,159.9 13,30% H/A # 500.0
cd 3 30.9 58.0 58 86 25.0
Ca N/A (30
Ce N/A <DL
cr 210 2.3 116.0 290 - 50.0
Cu 21 67.3 21
Oy N/A (2)
Fe 20,195 é2.1 * 116.0 14,179 /A ¥ 50.0
K &37 8.7 2,.319.7 2,714 90 1000.0
La N/A (7
Li ¢ 1.9 7
Mg 512 5.9 503
Mn 9 87.8 * 3.2 Th P4 ¥ 10.0
Me 3 04 33
Na 87,570 3.4 2,319.7 77,008 N/A# 1000.0
Nd W, 5.3 46
Ni 15,520 10.1 114.0 14,743 N/A # 50.0
Pb &06 AT 1,159.9 1,591 a5 500.0
Re N/A (7 .
Rh N/A <DL
Ra N/A <0L
Sb 56 37.1 58
Se N/A 1,159.¢9 676 60 500.0
si 1,312 125 1,159.9 2,472 100 500.0
5r 444 21,5 * 454
Te N/A ) <0L
Th N/A (52)
Ti 10 42.5 a
Tl N/A <0L
u 15,030 31.2 * 2,319.7 14, 945 a3z # 1000.0
v N/A 116.0 99 a5 5.0
in 196 0.2 197
ir N/A 116.0 99 856 50.0 .
P 17,039 29.9 + 13,328
Bi N/R 1,159.9 500.0

Hote:r 1) Values reliable to 2 1/2 significant digits., Bracketed results { ) are qualitative.
2) At 50-100 times the 0.L., precision is estimated at +/-10X and accuracy at +/-15%.
3) Spike Flag (#): Spike is less than 25X of sample concentration; Xrecovery for information only.
4) 20X Flag (™): RPD > 20X and both sample and dupticate results > 3vaL,
S§) If spike is <10X% of sample concentration, XRec is not calculated as indicated by the “n/a".

01721793
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WHC-EP-0668
Table 2-2e: SST Core 49, ICP Core Composite Acid Digestion

[CP ANALYSIS REPORT -- ACID DIGESTION

rusewws  Sample Resyltg TvEwewe Anslyzed Date: 01/18/93
Project: $8T METE: WASS5472
Procedure: PNL-ALO-211 Page 1 of 2
Samp Log¥: 93-31371a1 93-01371a2 93-01371a3
dilution: 1.00 1.00 1.00
ug/g Feezor 200.28 198.93 200.07
ICP Run # 457 458 433 reecstimated ™
oL aL
Sample Sample Dupl. Oupl . 3lank 8lank
ug/g ug/g MDif ug/g ug/g  WDif ua/g ug/g MDif ug/mi, ug/me
Ag oL <oL <L 2.0078 9.0281
Al 95,389 71,503 <0l 0.1829 0.4096
Ag <0L <gL <L Q.1016  4.3379
8 45 44 &9 03.0596 0.1987
2a 12 26 (3} 0.0080 0.0287
Se <0L <gL <0L 9.0032 2.0107
Ca 13,845 10,328 arz Q.0016 0.005%
cd 9 7 <OL 2.0075  0.0250
Ca (48) (28) <0t 0.1019  0.33%94
Ca ¥ 37N <0l ' 0.1865 0.3217
cr 202 162 0oL 0.0113  0.9378
Cu 25 26 <L 0.0088 0.029%4
oy <at <gL <L 12.0053 2.0174
Fe 8,393 5,899 17 g.0108  0.0334
K 450 354 <0L Q3173 1.0578
La S1 bt} QL 0.0126 Q0.0414
Li (3} () 0L 0.0074  0.0244
Hg 325 267 S8 0.0003 0.0009
Mn 57 I9 LR 9.0010 0.Q034
Mo 45 35 <0L 0.0128 0.0627
Na 45,3056 96,785 148 0.0587 0.1957
Nd 90 68 <L . 0.0496  0.1653
Ni 13,115 10,420 <0l 0.0231  0.0748
Ph 999 728 <OL 9.0831  0.2T
Re (8 (5} QL Q.017F 0.0578
&h <QL gt <OL 3.0821 49.2733
Ru <0L QL <0l 0.0350 0.1147
b (29) (26} 0L 0.0473 0.1584
Se <oL <0l <l ' 0.1%15  0.5050
si 1,515 1,272 . a 0.0549  0.1830
sr 167 162 1 0.0c04 0.0013
Te 3 &9 <0 . 0.0950  0.3148
Th 37 {18 QL 0.0734 0.2¢48
Ti 7 4 <QL 0.005¢ 0.017%
" <0L _ <Ol <0l 0.5492  1.a308
u 7,102 5,429 <0l 0.5376 1.7920
v (6) (%) ' <0t 3.0090  0.0301
n 3a9 247 3 0.00&41  0.0138
ir {S) <0L <OL 0.0076 0.0253
Pi 11,710 27,108 <0l 0.4133 2.0442
]

Hote: 1) Values reliable to 2 1/2 significant digits. 3racketed results ( ) are qualitacive.
2) 8lank is reported in ug/g "squivailence to indicate blank sffect on samote.
3} The procsss "3lank" has not been subtracted from the "Samole & Duplicate? resulrts.
4) At 50-100 times the D.L., precision is estimated at «/-10% and acguracy at «/-15%.
5) "Estimated” Sample Oetection Limit (ug/g) = (DL in ug/mL) * (ug/g Fagtor)
§) off~line IEC: Results within 50X OL potentially bias high.

Dara, fnelwding caiibrationsaC, archived File [CP-325-401 01718793
01/21/93
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WHC-EP-0668

Table 2-2f: SST Core 49, ICP Core Composite Acid Digestion
. QC Results

[CP ANALYSIS REPORT -~ ACID GIGESTICN

Project: SsT TERERREET QC Results Teewwrewww Analyzed: G1/18/93
Procedure:  PRL-ALO-211 MATE:  WASE472
Page 2 of 2
Samo Log#: 93-01371a4 9%-01371a3
Otlution: 1.00 1.00
ug/q Factor: 200.40 100.46
[CP Run #: 459 436
R R e Rt T LT D AR R LT T >
Spike Spiker Spike+ Spike Spike Soike
Ave ai%a2 20X  Added Sampie Samele Sok STD Control centrol
ug/g RPD Flg ug/9 ugsg ug/g  XDif Rec Flag ug/mb ug/me, ug/m.  Dif Rec
Ag N/A 99.7 m 4! 50.0 40.1 80.3
Al 85,596 29.1 ~* 498.7 105, 440 H/A & 250.0 228.4 ?1.5
As N/A 399.0 319 80 200.0 184.53 g2.3
] 55 34.0 s
Ba 28 253 * 9.7 140 112 50.0 S4.7 109 .4
Ae N/A 10.0 10 103 5.0 6.8 96.5
Ca 12,336 26.5 P97 .4 15,239 H/A # 500.0 380.7 758.1
cd 8 3.7 49.9 54 92 5.0 23.3 93.4
Ce N/A (43)
Co H/A (34)
Cr 182 2.1 = 99.7 302 121 %0.0 46.9 93.7
Cu 24 6.1 34
Oy H/A QL
Fe 7,146 349 - 99.7 7,790 H/A 2 50.9 40.1 80.2
K 407 26.0 1,994.3 2,440 102 1000.0 1003.2 180.3
La e 29.6 * 64
Li N/A (&)
Mg 296 19.8 353
Hn 43 38,3 * 19.9 71 118 10.0 9.7 97.5
Ho 40 2874 - 49
Ha 81,295 33.1 ~ 1,994.8 75,208 NFA 2 1000.9 1034.3 103.4
Nd 79 2B.0 a9
Ni 11,867 21.0 = 99.7 13,431 /A 2 50.09 43.8 97.5
Ph 884 31.4 0+ 997 .4 1,805 74 500.0 484 .1 92.8
Ra HIA (9
Rh N/A <QL
Ru H/A <QL
sb MR a1
Se N/A 997.4 579 58 S00.0 320.4 T
Si 1,393 17.5 997.4 2,168 78 508.0 588.1. ) 117.6
sr 156 16.7 183
Te 81 29.3 107
Th N/A (&1)
Ti 5 67.3 5
Tt /A <0L
u 4,286 28.7 * 1,994.8 9,113 143 1000.0 9645 98.4
v N/A 99.7 9 92 50.0 43.8 7.5
In 78 22,1 o~ ns
zr N/A 99.7 14 14 sa.0 49.0 93.1
4 19,409 9.3 = 14,204
Bi N/A 9974 $00.0

Hote: 1) Values reiiable to 2 1/2 significant digits. BSracketed results ¢ ) are qualitative.
2) At 50-100 times the D.L., precision is estimated ac +/-10% and scouracy at «/-15%.
3} The process "Blank” has been subtracted frem the "Spike Control" results.
4) Spike Flag (#): Spike is less than 25% of samole congentration; Zrecovery for information oniy,
$) 20% Flag (*3: RPD > 20% and both samole and duplicate resulcs > 3*aL.
8) If spike is <10X of sample concencrarien, %Rec is not caleulatsd as indicaced by the "nsa“.

1/21/93
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WHC-EP-0668
Table 2-2g: SST €-109, ICP Liquid Composite Acid Digestion

1C? ANALYSIS REPORT -- ACID DIGESTION

T===wwv  Samole Results TUETEEE Analyted Dace: Q1,/23793
Aroject: $57 METE: vASSGT2
Precedure: PNL-ALO-211 Paga 1 af 2
Samo Log#: 93-01354ai $3-0135¢32 93-91358a3
Oilucions 1.00 §.30 1.00
ug/q Factor 169.72 1464.31 167.34
ICP Run 2 507 508 505 rregstimated* "
oL QL
Sampie Sample ouol . Dupt. gtank dlank
ug/g ug/g  MBif ug/g ug/g  Dif ug/g wg/g  Dif ug/mt ug/mi
Ag <0l QL Q. Q.0081 g9.0272
Al 141 153 <Gl 4.1904  Q.43L%
As QL QL <0t 0.1055 o0.3m17
3 3 0 gL 0.0620 0.2048
3a (&} 3 <0l 0.0083 0.Q278
ge <0L QL <0l 0.0933 o0.¢112
Ca 213 208 234 0.0017  0.00%556
cd <OL «OL QL 0.0078  0.0280
Ca <0L QL «oL 0.1080 0.3534
Co <0l 0L <l 0,194 0.6471
or 289 293 (2 0.0118  Q.0393
Cu <0t gL QL 0.0092 0.0308
oy <0t QL <a|, 0.0055 0.0183
fe 1,451 1,698 oL 0.0104 0.0347
X 415 .12 0L 0.3302 1.to008
La <L QL 0L 0.0129  0.9530
Li <Ot 0L <0t 0.0077 0.025%
Mg 25 25 1 0.9003  0.0009
N <0l (0} QL q.0011 6.0035
Ha &0 tQ QL 0.0133  0.8645
Ha 96,967 96,938 <L 9.0811 0,2037
Ng QL <« QL 0.0516 qQ.1720
Wi 340 347 <01 - 0.02¢0 0.0800
Pl QL <L <0 0.0845 0.282%
e <0L QL <O 9.0180 0.4599
Rh <0L, oL 0L 0.0855 09,2850
Ry <QL <L <QL 0.03&88 0,123§
sb 0oL 0L QL 0.029%  0.1649
Se <0L oL 0L 0.1577 4.5258%
Si T4 43 «oL 4.0571  9.1%04
s a o \ L 0.000& 0.0013
Te <QL «0L <Gl 0.0989  Q.3297
Th <0t 0L <0L 0.07584  0.25:8
Ti <0l QL <Ol 30.00% 0.0147
L <L QL gL Q5717 1.9054
u <0l QL QL 0.5595  1.3s51
v <0l QL QL Q.0094 0.0313
in 10 1" wL 0.0043  9.0142
ir <0L <Ot <0L 0.0079 0.0251
P 4,184 4,229 QL 0.4638%  2.1277
8i

Note: 1) Values reliable ta 2 1/2 significant digits, Bracketsd results ( ) are gualicative,
2) dlank is reported in ug/9 “squivalence to indicace blank effect on sample.
3) the process "9lank“ has not bSeen subtracted from cne “Sampte § Duplicace” resuits,
4) Ar 50-100 c¢imes cne D.L., precision iy estimaced at +/- 0% ana accuraey at «/- 15X,
5) "Ssrimatec” Sample Oecection Limit (ug/g) = (DL in ug/mL) * (ug/g Facior)
4} Off-line [EC: Results within 50X DL potentiatly Bias hign.

Data, inctuding calibration/at, archived file [CP-325-401 01/22/93
01726453
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Table 2-2h:

Praject: SST
Procedure: PHL-ALD-211

WHC-EP-0668

QC Results

[CP ANMALYSIS REPORT -- ACID DIGESTIONM

AR BWRT R qc Results Wi w o

Samp Log#: 93-01354a4
Dilution: 1.00
ug/g Factor: 167.53
ICP Run #: 509
B R LR L e P L L] >
Spike Spike+ Spike+
Ave alZa2 20X Added Sample Sample Spk
ugs/g RPD Flg ug/gq ug/g9 ug/g Aif XRec Flag
Ag N/A 83.5 26 103
Al 157 4.9 417.7 673 124
As N/A 334.2 318 95
8 &7 78.9 49
8a N/A 3.5 125 149
Be N/A 8.4 11 128
Ca 209 4.0 a1s.4 1,326 134
cd N/A 41.8 S3 126
Ce N/A <0t
Ca N/A <OL
cr 291 1.2 83.5 413 166
Cu N/A (5
Dy N/A <0L
Fe 1,67 2.8 83.5 2,087 N/A #
4 aLg 1.0 1,670.8 3,042 132
La N/A <0L
Li N/A <oL
Mg 26 0.8 51
Mo NH/A 16.7 22 130
Mo 40 1.1 43
Ha 96,942 0.0 1,470.8 100,148 N/A #
Nd N/A <0t
Ni 44 1.9 83.5 564 350 #
Ph /A 835.4 1,011 121
Re N/A <0L
Rh N/A <0OL
Ru M/A <0OL
5b N/A <L
Se N/A a35.4 522 &2
Si 48 16.8 835.4 1,721 198
Sr 1 70.4 3
Te N/A <OL
Th N/A <0
Ti H/A (N
Tl N/A 0L
u N/A 1,670.8 1,932 116
v N/A a3.5 103 124
in 11 3.5 14
ir N/A 83.5 98 17
P 4,197 1.5 4,354
Bi N/A a35.4
Hote: 1) Values reliable to 2 1/2 significant digits.

2) At 50-100 times the D.L.,

SST C-109, ICP Liquid Composite

50.0

50.0
1000.0

1000.0

50.0
500.0

500.0
500.0

1000.0
50.0

50.0
500.0

Acid Digestion

Analyzed: 01/22/93%
MLTE: WAS55472
Page 2 of 2

93-01354a5
1.00
100.00

506

Spike Spike
Centrol Control

ug/ml ug/mk  XDif

&4.3
1024.8

10.4
1007.9

49.5
487 .1

920.3
50.4

44.0

Bracketed resuits { )} are qualitative.
precision is estimated at +/-10% and accuracy at +/-15%.

3) The process "Blank" has been subtracted from the "Spike Controi" results.

Spike is less than 25% of sample concentration; Xrecovery for infermation only.
RPD > 20% and both sample and duplicate results > 3*aL.
&y 1f spike is <10% of sampite concentration, XRec is not calculated as indicated by the *nsa".

4) Spike Flag (#):
S) 20% Flag (™):

2-25 -
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128.5
102.5

104.2
100.8

99.1
97 .4

49.1
152.9

92.0
100.8
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WHC-EP-0668

Table 2-2i: SST Core 48, ICP Quarter Segment 1D, Top,
Homogenization Test, Acid Digestion

ICP ANALYS1S REPORT -- Acid Digestion

PROJECT: SST Analyzed Oace: 11/13/92
PROCEDURE: PHL-ALD-211 HETE: WYASS472
93- 93- 93- 93- 93 - 93-
samp Log#: 13861-A1T 13481-A1T 1361-42T 13461-42T7 1351-43  13481-a3
Dilurions 1.00 5.00 1.00 5.00 1.00 5.00
ug/g Facter 199.5 goT.4 199.9 999.4 199.7 998.5
ICP Run # 152 170 153 17 151 149 rrdgrimatedt™™ 1351-417
oL aL 1381-42T
Sample Sample Sample  Samle Slank Blank Average 204
ug/g ug/g  RDIF ug/g ug/g Wit ug/g ue/g ug/mL ug/mt. ug/g  RPO Flg
Ag <0L <L <QL QL <«OL <0L 0.0078 0Q.0251 N/A
Al 8,725 9.042 3.5 7,891 7,386 0.3 <L L 18 0.1829 4.48096 8,308 10.0
As 0L <0L . QL <0l gL 0L 0.1016 0.3379 N/A
- 11 (114) a1 (32) &6 (62} 0.059& 0.1987 96 30.3
8a 45 & 2.4 43 42 1.7 <gL <0L 0.0080 0.0267 e 5,2
Be L H <0t 0L <0l <0 <«qL 0.0032 09.0107 N/A
Ca 15,269 17,072 11.9 16,193 15,230 7.3 408 727 2.0018 9.0054 14,725 7.2
cd 8 (83 ) <L <ol oL 0.9075 0.0250 733
Ca <QL <QL 18 <0L 0L 0L 0.1019 0.339§ N/A
Co <L <DL <0L QL QL <0L 0.1845 0.4217 /A
cr 218 227 4.3 196 196 0.9 L <01, 0.0113 0.0378 208 11.5
Cu 14 (1 12 0L QL QL Q.0088 0.0294 13 22.3
Dy <QL, <01 <0L QL <ol <0L 0.0053 4.0174 N/A
Fe 23,845 24,393 4.4 13,747 13,727 0.1 11 <aL 9.0100 0.0334 18,796 53.7 -~
[ 4 843 (571 sa7 (393 <L <0l 0.3173 1.0578 $87 20.56
La (7 0L, (5 o] oL QL .0124 0.0414 N/A
Li 5 (8) (S (m <0t <0l 0.0074 (.0246 N/A
Mg. 584 .436 4.1 539 544 4.7 72 33 0.0003 0.000%9 562 8.5
MR 02 107 5.2 &0 &0 1.0 (M <0L 0.0010 0.0034 a1 s2.7 +
Mo 3 (35 27 (28 18 L 0.0128 Q.0427 29 14.8
Na 115,962 120,108 3.6 121,337 120,422 0.5 194 202 0.0587 0.1957 118,430 4.3
Nd 3N QL {27} <ol <0l <0t 0.04%8 0.1853 H/A
Ni 17,131 18,131 5.8 15,563 15,782 1.4 QL QL 0.0231 0.0748 18,347 9.4
Ph 417 451 5.4 568 sa. 2.8 <OL <L g.0831 0.27M" $92 8.2
Re (5} QL (5) <0l QL <0L 0.0173 0.0574 N/A
Rh 0L <0l <L QL <ol QL 0.0821 0.2738 N/A
Ru 0L, 0L QL <L <0L <oL 3.03%50 0.1147 H/A
Sh X1 <0l 37 <0t <gL <DL 0.047% 0.1584 0 143
Se ikl e e il il hiniad 0.1515 0.505Q e
si 92 g2z 9.9 984 316 17.1 (3%} <0l 0.0%4% 0.1330 98 7.5
sr 431 443 2.9 410 a5 1.2 2 2 0.0004 0Q.0013 21 4.3
Te <0l QL QL QL oL QL ¢.0950 0.3148 H/A
Th <0l <oL QL gL <00 <QL 0.073& 0.2443 H/A
Ti 7 <Ol -] (8) 0L <OL 0.0054 0.017% 7 9.5
Tl <QL 0L <L <0l <0y <0L 0.5492 1.3308 N/A
u 15,389 15,802 2.7 14,308 14,448 0.4 0L QL 0.5376 1.7920 14,949 %9
v (3) <0L (2) oL <0L <OL 0.4090 0.0301 N/A
in 207 289 29.7 188 264 29.3 (2} 30 0.0041 9.0138 98 9.5
r 18 (N 14 (143 <0l <OL 2.0076 0.0253 15 13.3
Pi 26,887 28,262 S.0 30,819 31,015 0.8 <01 <0L 0.6133 2.0442 28,853 13.%6
8 N/A

Note: 1) Values reliasble to 2 1/2 significant digits. Srackeced results { ) are qualitative.
2) 8lank is reparted in ug/g "equivalence” to indicate blank effect on samole.
3} Sample resylts have not been adjusted for "wlank™ coneribution.
4) At 50-100 times che O.L,, precision is estimated at +/-10% and accuracy at -/-15%.
3) Sampte DL ¢ugs/g) = (DL in ug/mL) * (ug/9 Factar)
4) Off-line [EC: Results within 50X OL pocentiaily bias high.
7) nwww flag: RPD > 20X and both sampie results > I*OL.
8y *=» Salenium Channet non-funetional.

Data, ineluding calibration/QC, archived File 1C?-325-401- 11/13/92
. 11726792
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Table 2-2j:

WHC-EP-0668

Homogenizatien Test, Acid Digestion

ICP ANALYSIS REPORT -- Acid Digastion

PROJECT: SST
PROCEDURE: PNL-ALO-211

SST Core 48, ICP Quarter Segment 1D, Bottom,

Analyzed Dacte:
METE: WASS4TZ

11/13/92

=reCstimaceg*™ ™ 13461-A18

by

9.1829
q.1014
0.0596
0.0080
6.0032
0.0014%
0.0075
0.1019
0.1845
9.0113
0.0088
0.0053
0.0100
a.:173
9.0126
0.007&
0.0003
0.2010
0.0128
0.05&7
0.0496
0.0231
¢.0831
a.N73
3.9821
0.0350
0.0475
g.151%
0.0549
0.0004
0.0954
2.9734
0.0054
0.5492
0.5375
0.00%0
0.0041
0.007&
0.5133

qaL

2.0642

1341-A28
Average
ug/g

3R
102,865
H/A
13,397
&84
N/A
N/A
H/A

&2
1,132
&7S
N/A
N/A

7

H/A
14,440
H/A
226
N/A
21,248
HEA

93- 93- 93~ 93~
Samo Log#r 1341-A1B 1341-418 1351-428 1341-A28
Dilucien: 1.00 5.00 1.00 5.00
ug/g Factor  200.5 1002.4 198.7 993.4
[CP Run # 154 172 155 173
Sanpla  Sample Sample  Sample 3lank Blank
ug/sg ugsg  Mif ugsyg vg/g DIt ug/9 ' uglyg
Ag <QL <0l QL <0L
Al 9,451 9,348 1.1 8,833 8,964 1.4
As <0L <Ol QL <0t
] 87 (78) &2 <0L
Ba 52 sQ 3.7 L7 47 0.5
Be <oL <L QL gL
Ca 17,274 18,552 7.4 15,526 17,192 10.0
cd 2 (8) 7 <L
Ca <0t QL <0L <OL
Cao <0t <0L 0L <0L
cr 241 229 0.8 224 29 2.9
cu 14 QL 14 <QL
Oy <0L <0L <OL <oL
Fe 17,755 17,652 9.4 14,752 17,088 2.0
K 649 (416) &14 (391
La 9 QL (7 0L
Li s <00 -] <QL
Mg 451 466 2.2 M 827 6.2
Mn 73 ™ 6.4 75 76 2.5
Mo 3 (35 n {32y
Ha 99,304 98,259 1.0 106,425 108,068 1.5
Nd Ig <0t (30 <0t
i 19,429 19,456 1.2 17,386 18,018 3.3
Ph 73 2% 0.3 445 &5 3.0
Re (€-}] <gL (&) . <L
Rh <Ol QL 0L <0L
Ru <Ol Li:1 8 <OL QL
sb 43 <0t 42 <QL
se anw i e rerw
si 1,290 1,166 9.8 974 866 11.1
sr 501 493 1.5 450 454 1.0
Te <0OL <L <L QL
Th <ol <gL <oy <0t
Ti 7 0L 7 <0L
T1 <0t <L gL <0l
u 17,409 16,770 3.7 15,510 15,256 1.4
v (2} <QL (2} QL
Zn 235 267 14.0 213 272 27.4
r {3 <OL % (11
Pl 19,570 19,858 1.5 22,926 23,5834 I
8
Note: 1) Values reliable to 2 1/2 significant digits. 3racketed results (.) are qualicative,
2) 8lank s reported in ug/g "equivaience” to irdicate blank effect on samoie.
3) sample results have not been adjusted for "Slank* concribution.
4) At 50-100 times the D.L., precision is estimated at +/-10% and sccuracy at +/-15%.
5) sample DL (ug/9) = (DL in ug/mL) * (ug/q9 factor}

&)
g}
&

Dat

Qff-line [EC: Results within 50X OL potentially bias high,
wen flag: RPO > 20% and both sample results > 3Ivag.
tew Salenium Channel non-functionat.

a, including calibration/ac, archived File 1CP-325-401- 11/13/92
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WHC-EP-0668

Table 2-2k: SST Core 49, ICP Quarter Segment 1D, Top,
Homogenization Test, Acid Digestion

[CP ANALYS1S REPORT -- Acid Digestion

PROJECT: SST Analyzed Date: 11713/92
PROCEDURE : PNL-ALD-211 : HETE: WASS47T2
93- ?3- 93- 93- 93- 93-
Samp Log#: 1387-A1T 1347-A1T 1387427 13487-A27 1367-A3 1347-A3
Dilucion: 1.00 5.00 1.00 5.00 1.00 5.00
ug/g Faczor  197.9 989.3 191.3 959.0 194.8 973.9
[CP Run # 159 177 140 173 158 174 rEstimated ™™ 1347-A1T
oL ot 1347-427
Sample Sample Sampte Sample Blank 8lank Average 20%
ug/g ve/g DIt /g g/ XDif  ug/g ug/yg ug/m.  ug/ml ug/g  RPO Flg
Ag <01, QL QL QL <0L <01, 0.0078 0q.,0281 N/A
Al 39,402 39,492 0.7 44,588 45,756 0.4 <L oL 0.1829 0.4096 42,995 4.7
As oL 0L <0l 0L <0l <L, 0.1014 0.3379 N/A
] 101 €112} L2 <ol 7 (99) 0.0%96 0.1987 71 a3.1
Ba 28 29 2.5 33 38 0.9 <t 0L 0.0030 0.0267 33 30.% -
e <L <0l <L <0t L <0L 2.0032 0.007 N/A
Ca 14,546 15,951 8.9 19,372 21,496 11,0 439 821 2.00% 0.0054 17,009 27.3 -
cd 5 <0l 7 (8) oL <ot 0.0075 9.0250 & 32.¢
Ca <BL QL QL <0y <04 <QL 0.1019 0.33%94 N/A
Co <L <0L <0L QL Ol <0l 0.1385 0.4217 /A
Gr 148 174 3.3 219 2% 1.8 <QL <OL 0.0113 0.0373 196 24.2 +
cu 14 (12) 15 (14) 3: 18 QL 0.0038 0.02%94 15 11.8
Oy 0L 0L 0L <0l oL QL 0.0053 0.0178 N/A
Fe 8,846 4,981 1.5 11,532 11,703 1.5 11 <0L 0.0100 0.9334 10,189 26.4 -
X 347 (378 525 (560) <L <0L 0.3173 1.0576 646 35.2
La 9 {13) 10 (14} 0L QL 0.012¢ 0.0474 ? 14,4
Li (3 (10} (4) (9 <l <0k 0.0074 Q.0246 H/A
Mg 389 405 4.2 494 523 5.9 70 92 0.9003 0.000% M1 3.9 -
Mr &3 50 3.5 &0 81 2.7 (@ oL 2.0010 0.0034 4 1.3 -
Mo k{d (34) I3 43 13.0 <0L <L 0.0128 0.0427 34 2.5
Na 115,8L3 116,580 0.7 85,588 35,879 0.3 218 214 0.0587 0.1957 101,215 28.9 *
Nd (22) (53) 43 (73) <L gL 0.0696 0.185%3 N/A
NI 11,875 12,285 3.5 15,401 15,158 3.4 <L <oL 0.0231 0.0758 13,738 27.1 -+
- 485 S04 4.0 470 432 1.8 <aL <L 0.0831 0.2 §77 12.0 ¢
Re (5) <DL (" QL <0t 0L 0.0173 9.0576 - HsA
Rh 0L <0L QL <L <L gL 0.0821 9.2738 N/A
Ru <L <0L QL <0L QL <0L 0.03350 0.1147 N/A
-1 (253 (70} a2 (54) <0y <0L 0.0475 0Q.1584 N/A
Se »hew rew ow e ew ° "ww 0 . 15 15 0.5050 L2 2]
51 716 849 9.3 710 &85 3.4 7 <0t 0.0549 0.1830 713 0.9
sr 297 299 0.5 406 406 0.2 2 2 0.0004 .0.0013 . 352 30.3 -~
Te (35) <OL (443 <ol <0L <OL 0.G950 0.3148 N/A
Th <AL <0l <OL <0l <0l <Ol 0.0734 0.2448 H/A
Ti (3} (8} 4 (7 <ol <OL 0.0054 0.1179 N/A
Tl <0l <L QL <Ot <QL 0L Q.5492 1.3308 N/A
u 9,708 9,98, 2.8 13,416 13,517 0.8 (213) <OL 0.537&6 1.7920 11,562 32.1 *
v (&) QL (4} <0t <0t <OL 0.0090 Q.0301% H/A
n 170 217 28.1 221 273 23.7 (2) 55 0.0047 Q.0136 195 28,4 ¢
ir a (1) 13 (16) <0L <OL ¢,007% 0.9253 1 44.8
P‘ 32,278 33,3461 3.4 18,582 19,183 3I.1 <L <0L 0.4133 2.0&42 25,430 S3.9 -
B N/A

Note: 1) Values reliable to 2 1/2 significant digits. Oracketed results ¢ ) ars qualitative,
2) Blank is reported in ug/g "equivalence” to indicate biank sffect an sample.
3) Sample results have not been adjusted for “blank" concribution.
4} At 50-100 times the D.L., precision is estimated at +/-10% ang accuracy at «/-15%.
5) Samole DL (ugsg) = (DL in ug/m) * (ugsfg Factor)
4) Off-line IEC: Results within 50X DL potencially bias high.
7) " flag: RPD > 20% and both samole results > 3*qL.
8) *** Selenium Channel non-functional,

Data, including calibration/QC, archived File 1CP-325-401- 11713792
11/26/92
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WHC-EP-0668

Table 2-21: SST Core 49, ICP Quarter Segment 1D, Bottom,
Homogenization Test, Acid Digestion

ICP AMALYSIS REPORT -- Acid Oigestion

PROJECT: SST Analyzed Oace: 11/13/92 .
PROCEDURE: PHL-ALO-211 MLTE: WASSST?
93- 93- 93- 93-
Samp Logd: 1347-A18B 1347-A18 1347-A28 1347-A28
Oitution: 1.00 5.00 1.00 5.00
ug/g Factor 1946.3 981.5 198.1 990.3
ICP Run # 181 179 142 180 weEstimaced* ™ 1357-A18
oL qL  1367-A28
Sample Sample Samie Sample Blank 8lank Average 0%
ug/q ug/g  Wif  ug/g wg/g  Rif  uy/g ug/g ug/mL ug/mi, ug/g9 RPO Flg
Ag <gL <L «t <Ol 0.0078 0.0261 N/A
Al 41,757 42,056 0.7 46,801 47,875 2.3 0.182% 0.58096 44,279 11.%
As <0L <0L <0l <0L 0.1014 0.3379 H/A
8 o7 <L 45 <01, 0.059%6 0.1987 7. AN
3a 29 In 2.9 33 35 0.5 0.0080 0.0267 32 17.5%
Be QL <QL <QL <0l : 0.0032 0.0107 N/A
Ca 14,485 18,470 9.4 18,738 21,051 12.3 0.0016 0.0054 17,797 10.4
cd 6 <L 7 <0L 0.0075 0.0250 & 16,9
Ca <aL QL <ot oL 9.101%  0.3394 N/A
Co <0l <QL <Gl oL 0.18585 0.4217 H/A
cr 190 196 3.2 207 218 4.3 G.0113 0.0378 199 4.9
Cu 13 (123 17 (14) 0.0088 0.0294 15 27.2
Dy <0l 0L €t <0L 0.0053 0.017& N/A
Fe 9,050 9,195 1.8 11,175 11,544 3.3 0.0100 0.0334 10,112 21.0 +
.4 430 {463) 518 (389 0.3173 1.057% 484 14.0
La (N (1) 9 QL 0.0124 0.0414 N/A
Li (&4} (9 (5} (1 0.0074 0.0246 N/A
Mg 7 443 4.1 447 504 7.9 0.0003 0.0009 442 1.2
Mn 47 48 3.2 58 60 4.2 0.0010 0.0034 s 1.2 *
Mo 32 (35) 35 (&1 0.0128 0.0427 34 11,7
Ha 87,982 83,599 0.8 80,067 81,973 2.4 0.0587 0.1957 84,025 9.4
Nd 35 (58) 42 (64) 0.04986 0.1453 3¢ 1T
Hi 12,912 13,399 3.8 14,338 15,851 5.5 0.0231 0.0768 13,875 13.¢9 '
Pb 508 508 0.0 516 428 2.1 0.0831 0.2771 562 19.2
Re (N <0t (M <QL 0.0173 0.0576 H/A
Rh <01 <0L 0L <L 0.0821 0.2738 H/A
Ru <0L QL <01, <QL 0.0350 0Q.1147 N/A
1) 37 QL ¥ <0L 0.0475 0.1584 &3 13,5
Sa o ~ew e i 0‘ 15 ‘s 0_5050 W
si 423 569 8.5 726 486 5.5 0.0549 0.1830 475 15.3
sr 2 313 0.5 389 - 377 2.2 0.0004 - 0.0013 340 16.8
Te [£15) <o [€2-)) QL 0.0950 0.3148 N/A
Th <L <0L © o =0L <ot 0.0734 0.2448 N/A
Ti (63 {&) (%)) <ol 0.0054 0.0179 HFA
T <0t <OL <0L <Ot 0.5492 1.8308 N/A
1] 10,027 10,317 2.9 12,114 12,262 1.2 0.5376 1.7920 1,070 18.9
v (N <01, (&) <L 0.0090 0.0301 N/A
n 131 220 22.0 210 269 28.1 0.0041 0.0136 195 15.2
Ir 10 (13} 13 (13) 0.0076 0.0253 11 24.8
p 20,901 21,775 4.2 17,509 18,217 L0 0.4133 2.p442 39,205 7.7
Bi N/A

Hote: 1) Values reliable to 2 1/2 significant digits. B8racketed results { ) are qualitative.
2) Blank is reported in ug/g "equivalence® o indicate blank effect on sample.
1) Sample results have not been adjusted for "Hiank" contributicn.
4) At 50-100 times the O.L., precision is estimated at +/-10% and accuracy at «/-t5X.
%) Sample DL (ug/g) = (DL in ug/m.} * (ug/g Factor)
§) Qff-iine [EC: Results within 50X OL potentially bias high.
7y vw=v ftag: RPD > 20% and both samole results » 3*QL,
8) *** Selenium Channel non-functional.

Daca, including calibration/ac, archived File [CP-325-601- 11/13/92
11/24/92
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WHC-EP-0668
Table 2-3a: SST Core 47, ICP Core Composite Water Leach

[CP ANALYSIS REPQRT -- wJater Leacn

PROJECT: $ST Atalyzad Oace:01,21/93
PROCSDURE: AML-ALD-211 MLETE: WASS4T2
famp Log®: 93-913%8c! 93-01358e2 93-01358c2
oilution: 2.00 2.00 2.00
wg/g Faczar 2648.3 9.4 261.4
ICP Run 2 433 684 484 93-01358¢c!
resdstimacad*™ 93-01358c2
Sampie Sample Oupl. Cupt. glank ilank oL QL Averige pior-4
ugsg uesg DT ug/g ug/g Mif ua/g ug/g ug/ml.  ug/mi ug/g 2P0 Flg
Ag 0L QL <0L 0.0081 9.0272 N/A
Al 336 L8a . <0L 0.1904 Q.5343 412 3.7
As 0L QL QL Q.i055 Q.3517 N/A
3 (18 (21} <ol 0.0820 0.2068 H/A
3a <0L QL QL 0.0083 0.3273 N/A
Se <0L QL QL 0.0033 ¢.0112 R/A
Ca 173 194 (A -1 0.0017 0.0056 183 11.3
Cd QL QL <L 0.0078 0Q.0250 H/A
Ce QL gL QL . 3.1040 0.3534 H/A
Ca 0L <QL <ol 0.1941 0.3571 KA
cr 173 178 oL 0.0113 0.0393 176 1.5
Cu <0t QL <0t 0.2092 0Q.0305 H/A
Dy <QL <QL <0l g.0085 0.0183 NI
Fe ass arz L18 0.0106 0.03&7 ars 1.5
4 510 558 <QbL 0.3302 1.1008 534 9.0
ta <oL <L <L 0.0129 0.0630 WA
Li <aL 0L <0l 1.0877 0.02%5 H/A
Mg 8 a 4 0.0003 ¢.00Q9 3 9.9
Mn <0L {3} <QL 0.0011 0.003% N/A
Mo 24 i) <pL 9.0133 0.0&45 S 1.7
Na 466,028 &9,553 <ot 30.0611 0.2037 47,750 5.2
Ne <0l QL <L 7.0514 0Q.i720 H/A
Ni 160 109 QL 0.0240 0.0800 125 25.0 *
P (41} (55) <t 0.0885 0.2884 N/A
Re <0l «QL <0L 0.0180 04.0599 H/A
Rh 0L <0t L 0.0855 0.28%50 N/A
[ QL QL gL 0.035& 0.1215 LTLY
sb <QL QL <0L 0.049% 0.1849 R/A
Se <0t <aL <oL 0.1577 0.52%6 H/A
§i 112 122 <L 0.0%71 0.1904 nz .7
sr 1 : 1 <ol 0.0004 0.0013 1 28,7 -
Te <aL <L 0L 0.0989 4.2297 H/A
Th QL <QL <01 0.076& 0.2548 H/A
Ti <QL <QL 0L ¢.0054 ©.0187 H/A
T QL 0oL <0L 0.5717 1.9054 N/A
u QL {154) <0t 3.5595 1.8651 NFA
¥ <0L 2y L g.gove  0.9313 HIA
in 9 9 9 0.00&3 0.0142 9 0.4
Zr <0L QgL <0L 9.0079 0.0253 R/A
P 5,349 7,629 QL 0.4333 2.1277 5,989 18.3

8i RIA

Note: 1) Values reliabie to 2 1/2 signiffeanc digits. &rackeced results ( ) are quatitacive.
2} Blank is reparted in ug/q "“equivalence” ts indicate blank effect on sample.
3) Samole resuylts have nat neen agjustea for "Slank” contribution.
&) At $0-100 times the D.L., precision i3 sstimaced ac +/-10% ang aczuracy ac +=/-15%.
5) Sample OL (ugsg)} = (DL in ug/mL) * (ug/g Factor)
§) Off-Line [EQ; Resuits within 50X OL potencially RDias high.
7) 20% wwe flag: RPD > 20% and both samote resuits > J*aL.

Daza, including calibracionsoC, archivec File [CP-325-401- Q1721793

01/24/93

2-32
APP D-31



WHC-EP-0668
Table 2-3b: SST Core 48, ICP Core Composite Water Leach

[CP ANALYSIS REPORT -- Warer Leach

PROJECT: SST Anaiyzed Dare:d1/21/93

PROCEDURE : PNL -ALO-211 H&TE: “AS5472

Samg Logs: 93-01383¢! 93-013483¢2

Oilution: 2.00 2.00

ug/g Factor 229.9 235.5

ICP Run 2 487 L38 93013431

revCstimated  93-01343c2
Sample Sampola Ouptl . Dupt. Blank 8lank oL aL Average 0%
ug/g wg/g  Rif ug/9 ug/g  Wif uy/g ug/q ug/mt.  ug/mt ug/9 RPD Fig

Ag <QL <oy 0.0081 0.0272 N/A
Al (119) (104) : 0.1904 0_434% N/A
As <0, QL 2.10s5 Q.3517 N/A
8 as 20 0.0620 Q.2048 87 4.8
ga <0l <QL 0.0083 Q.0273 N/A
fe <0L QL 0.0033 g.0112 N/A
[} 59 40 0.017 0Q.0054 40 0.8
cd <0L QL 0.0078 0.0240 N/A
Ce <oL <0y 0.1080 0.353¢ N/A
Ca <L <AL 0.1941 Q.447% NAA
cr 217 3L 0.0118 0.4393 225 7.5
Cu <0L QL 0.0092 0.Q306 H/A
Dy QL <QL 0.0055 0.0183 N/A
fe 1,128 1,149 0.010& 0.0347 1,139 1.9
X 540 575 4.3302 1.1c08 558 8.3
La 0L <ot 0.0129 0.0&30 N/A
Li <0l <0l 0.0077 0.0256 H/A
Mg 7 T 0.0003 0Q.000% T 0.0
Hn <0t <QL 0.0011 0.0035 H/A
Mo 29 kA 0.0133 0.0845 30 4.1
Ha 89,141 77,859 Q.0611 0.2037 83,510 13.%
hd <L <QL 3.0514 0.1720 H/A
Ni 33 29 0.0240 0.0800 31 15.3
] Q1L QL 0.9855 0.2884 N/A
Re QU <QL 0.0180 0.0599 N/A
2h <ot «QL 0.0855 0.2850 H/R
Ru <QL <QL 3.0364 0.1215 H/A
sb oL <0l 0.0495 0.1649 H/A
Se <01, <OL Q.1577 0.3254 N/A
Si 303 Nn : 0.0571 0.190& 197 107,83
Sr 1 1 0.0004 Q.0013 to15.1
Te <Ol QL 0.0989 0.3297 N/A
h QL QL 0.0764 0.2543 N/A
Ti <QL <0L 0.0056 4.0187 HiA
T <QL <0l 0.5717 1.9054 NIA
1} <0l 0L 0.559% 1.3451 N/A
v <Qu <0t 0.0094 Q.0313 HiA
2n -] 2 0.0053 Q.0142 g T.9
ir QL <0L Q.007% Q.0243 N/A
p 11,918 5,461 Q.4383 2.1277 8,490 743 *
gi H/A

Note: 1) Values reijable to 2 1/2 significant digits. Bracketsd resuylts ( ) are qualitative.
2) dlank is reporred in ug/g "equivalence” to inaicale blank sffect on sample.
3) sample results have not seen adjusced for “miank” contribution.
&) At 50-100 times the D.L., precision is estimated ar =/-10% and accuracy at +/-15%.
S) Sample UL (ug/g) = (DL in ug/ml) * (ug/9 Factor)
4) Qft-1line [EC: Results witnin 50X 0L gotentially hias hign.
7) 20% v=v flag: RPD > 20% and both sample results > I=qL.

Data, including calibrations/QC, archived File [CP-325-401- 01/21/93

01726773
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WHC-EP-0668
Table 2-3c: SST Core 49, ICP Core Composite Water Leach

{CP ANALYSIS REPORT -+ Water Laach

PROJECT: SST Analyzed Date:01/21/93

PROCZDURE : PHL-ALC-211 MATE: WASSS72

Samp Log#: 93-81371e! 93-21371e2

Oilugions 2.00 2.00

ug/g Facter 232.7 31,9

{CP Run # %89 (2] 93-01171ct
w=wgsrimaced = 91-31371c3
Samole Sample Ounl. Oupt. Slank Blank oL ay Average 0
ug/g ug/q MDif $9/9 ug/g XDif ug/q ug/g ug/mL  ug/mi ug/g PO Flg

Aq <01, <0y, 0.0081 ¢.0272 K/A
AL £114) (96} 0.190&4 0.4348 R/A
As <ol <L 0.1055 Q.3517 R/A
] (21 25 9.0620 0.2088 N/A
8a <0t 0L 9.0083 0.0278 R/IA
fe QL QL 9.0033 0.0112 /A
Ca a9 &6 2.0017 0.0056 78 9.4 v
cd QL QL 0.0078 0.902460 N/A
Ce <Ot <L 0.1080 0.333Z N/
Ca «af <0OL 0.1941  Q0.847% /A
Gr 189 183 0.4118 0.0393 176 7.3
Cu <0L <Oy 0.0092 0.030& R/A
oy QL <0L 0.0055 0.0183 H/A
fe 823 L 0.0104 Q.0347 216 4.1
X 2. £58 0.3302 1.1008 &3 8.8
La <ay <0t 0.0129 0.0430 HIA
Li «OL <L 0.0077 0.02546 NIA
Hg & ) 0.0003 0.000%9 & .4
Hn <01 <0L 0.0011 0.003% H/A
Mo 22 25 0.0133  0.0445 24 10.4
Na 58,920 40,875 g.0611 0.2037 59,398 3.3
Nd <0t <L 0.0516 4.1720 N/A
Ni 53 53 0.024¢ @.0800 53 0.1
PB <ol <0L 0.0885 9.2834 N/A
Re <0t <L 0.0180 0.9599 N/A
Rh <QL <0L 0.0855 0.28%0 NI
Ru 1. <0t 0.0348& 0.1215 N/A
sk Dt <0, 0.0&95  0.1449 N/A
Se <ol QL ) Q.1577 0.5256 H/A .
Si 45 75 0.0%71 0.1904 79 13.9
s 1 Q Q.000& 0.0013 1 8.4
Te QL QL 0.0989 0.3297 NSA
Th QL <Ol 0.0784 0.2548 H/A
Ti <QL QL 0.0056 0.0187 N/A
Tt <QL <L 2.5717  1.9054 N/A
u <QL <«OL 0.5595 1.8451 HiA
v QL QL 0.0094 0.0313% N/A
n 3 & 0.0043 0.0142 T 7.1
ir QL <0L 0.0079 0.0283 R/A
P 4,622 3,900 0.4383 2.1277 4,141 125
i N/A

Note: 1) Values reliable to 2 1/2 significant aigits. Bracketed results ¢ ) are qualicacgive.
2) Blank is reparted in ug/g "equivalence” to indicata blank effect on sample.
3) Samole results have not been adjusted for "Blank* contribucion.
&) At 50-100 timas the D.L., precision is estimated at +/-10% ana accurscy at +=/-15%.
5) Sample OL (ug/9) = (DL in wg/mL) = (ug/g Factor)
§) Off-line [EC: Results within 50X OL potencially bias high.
7Y 20% v*n flagr RPO > 20% and both sample resulits > 3vqp,

Gata, including calibracion/QC, archived File (CP-325-601- 01/21/93

01/25/93
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PROJECT: SST

PROCEDURE: PNL-ALOD-211

Samp Log#: 93-0132791
Dilution:
ug/mL Fetr
1CP Run #

Note:

Zn
ir
-]

8i

1) values reliable to 2 1/2 significant digits.

1.00
1.0
498

<0l
<L
0.0%6
q.007
<01
9.467
<0t
0.110
<0L
<0L
<0l
<0L
<QL
0L

0.79

Q.007
<0t
<0l

¢0.007)
<QL

(0.751)
<0L

9.018
<L

(0.551)

WHC-EP-0668
Table 2-3d: SST C-109, ICP Hot-Cell Blank, Water Leach

ICP ANALYSIS REPORT -- Wacter Leach

93-01327g2
1.00
1.0
502

Sample Dupl .
ug/m. MDif ug/ml

<0L
<DL
<0L
<0t
<DL
0.537
<0L
<0L
<DL
(0.018)
<DL
<0L
0.169
<0L
<0L
QL
0.05%
0.006
<QL
?.463
<0l
Q9,108
QL
<@L
<0L
<0L
<QL
<QL
0.784
0.007
<Oy
<0t
<0L
<01
(0.598}
<0l
0.01&
<01
0L

93-01372g

Oupl,
ug/m., Dif

1.00
1.0
500

Slank
ug/mi

<0L
<0L
<DL
<OL
<0L
0.079
<0L
<OL
<OL
<OL
<0L
<OL
<L
<OL
QL
<L
0.004
<L
<0t
0.381
<L
oL
<QL
<0L
<QL
<0L
<0L
<0t
<0y
(0.000)
<DL
QL
(0.007)
<0OL
<0OL
<L
0.018
<Ol
<OL

Analyzed Date:01/22/93
METE: WAS347T2

93-01327q!

r*Estimaced***93-0132792

oL QL Average
ug/mL ug/mb ug/ml,
0.0081 0.0272 N/A
0.1904 0.48345 N/A
9.1055 0.3517 N/A
0.0520 0.2068 N/A
9.00383 0.0278 N/A
0.0033 0.0112 N/A
0.0017 (Q.0056 0.537
0.0078 0.0260 H/A
0.1060 0.3334 N/A
0.1941 0.8471 N/A
0.0118 0.0393 N/A
0.0092 0.0306 N/A
0.0055 0.0133 N/A
0.0104 0.0347 0.182
0.3302 1.1008 /A
0.0129 0.0430 N/A
0.0077 0.0256 N/A

0.0003 0.0009 0.056
0.0011 0.0035 0.006

0.0133 0.0445 N/A
0.0611 0.2037 9,445
0.0516 0.1720 N/A
0.0240 Q.0800 0.109
0.0845 0.2884 N/A
0.0180 0.05%9 N/A
0.0855 0.2850 N/A
0.0386 0.1215 H/A
0.0495 0.1649 /A
0.1577 0.5256 H/A
0.0571 0.1904 0.790
0.0004 0.0013 a9.007
0,0939 0.3297 N/A
0.0744 0.2548 N/A
0.0056 0.0187 N/A
0.5717 1.90%% N/A
0.5595 1.85651% N/A
0.0096 0.0313 N/A
0.0043 0.0142 0.018
0.0079 0.0283 M/A
0.4383 2.1277 M/A

H/A

9racketed results { )} are gqualitative.

2) B8lank is reported in ug/g "equivalence® to indicate blank effect on sample.
3} Sample results have not been adjusted for "blank* contribution.
4) At 50-100 times the D.L., precision is estimated at +/-10% and accuracy at +/-19%.
5) Sample DL (ug/mi) = (DL int ug/mL) * (ug/ml Fectr)

4) Off-line IEC:
7Yy 20% nuwo §lag:

bata,

Results within 50X OL potentiaily bias high.
RPD > 20% and both sample results > I*aL.

inctuding calibration/QC, archived File [CP-325-601-
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FLUORIDE
SAMPLE VALUES ARE IN ug/g TANK C-109, CORE 47 TO 48
SMPL pup | BLANK | <-- SAMPLE SPIKE --> |SPIKE CONTROL
SAMPLE ID 1 2 APD 3 4 EXPECT | % REC 5§ % REC
93-01355/C47-18 300 300 0% < 10 500 310 65% 340 136%
93-01356/C47-1C 300 300 0%
93-01357/C47-1D 300 300 0%
93-01360/C48-1C 500 500 0%
93-01361/C48-1D 1100 400 93% < 10 3500 260 | e 330 132%
93-01365/C49-1B | < 300 < 300
93-01366/C49-1C 300 300" 0% 500 220 91%
93-01367/C49-1D 1000 900 1%
93.01358/C47CMP 400 400 0% < 30
93.01363/C46CMP 2200 400 | 138%
93-01371/C49CMP 400 400 0
93-01354/DL < 200 < 200 < 30 300 40 750% 330 132%

NOTES:;

TRUE= 250 ug/ml.

1. THIS DATA SUMMARY SHEET INFORMATION IS NOT COMPLETE WITHOUT THE RUN NARRATIVE.

- Nomenclalure used Jor this dala set: 1 = Sample; 2 = Duplicala; 3 = Blank; 4 = Sample spike ; 5 = Spike Control.

. Calculaie spike recovary: ("4" - *1"){'EXPECT" or, “4"/EXPECT" II"1" < sample det. lim. ; ***** indicates "1*/'EXPECT" > 4.

2
3. Caleulate sample values; analyta in sample extract x (sample wi. + diluent wi.)/ sample wt.
4
5

. Calculate spike conlral recovery: ( spike control ) / frua value for analyts in stock spike.

SAMPLES ANALYZED AT BATTELLE-PNL, ACL-INORGANIC IC LAB, ROOM 400, 325 BLDG.

iep-2 a1qey
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CHLORIDE
SAMPLE VALUES ARE IN ug/g TANK C-109, CORE 47 TO 49
SMPL bup BLANK { <--- SAMPLE SPIKE ---> [SPIKE CONTROL
SAMPLE ID 1 2 RPD 3 4 EXPECT | % REC S % REC
93-01355/C47-18 500 600 18% < 10 800 310 97% 240 96%
93-01356/C47-1C 760 700 0%
93-01357/C47-1D 800 700 13%
93-01360/C48-1C 1000 900 119
93-01361/C48-10 1000 1000 0% < 10 1100 260 8% 240 96%
93-01365/C48-18 500 500 0%
93-01366/C49-1C 800 800 0% 1000 220 9194
93-01367/C49-1D B0OO 800 0%
93-01358/C47CMP 700 700 0% < 30
93-01363/C48CMP 800 800 0%
93-01371/C49CMP 700 700 0%
93-01354/DL 1300 1300 0% < 30 1300 40 i 230 92%

NOTES:

TRUE= 250 ug/mL

1. THIS DATA SUMMARY SHEET INFORMATION IS NOT COMPLETE WITHCOUT THE RUN NARRATIVE.

. Nomenclature used for this dala set: 1 = Sample; 2 = Duplicate; 3 = Blank; 4 = Sampla spike ; 5 = Spike Control.

. Calculate spike recavery: (4* - "1")f'EXPECT" or, "4"/EXPECT" il"1* < sampla det. lim.; *"**** indicates "1°FEXPECT" > 4.

2

3. Calculala sample values: analyte in sample extract x {sampla wi. + diluant wt.)/ sample wi.
4

5

. Calcutate spike control recovary: ( spike control ) / true value for analyle in stock spike.

SAMPLES ANALYZED AT BATTELLE-PNL, ACL-INORGANIC IC LAB, ROOM 400, 325 BLDG.

—
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NIiTRITE
SAMPLE VALUES ARE IN ug/g TANK C-109, CORE 47 TO 49
SMPL bup BLANK | <-— SAMPLE SPIKE —> |[SPIKE CONTROL
SAMPLE 1D 1 2 RPD 3 4 EXPECT | % REC 5 % REC
93-01355/C47-18B 27000 28800 6% < 20 41700 18300 B80% 12200 81%
93-01356/C47-1C 37000 37000 0%
93-01357/C47-1D 40000 39000 3%
93-01360/C48-1C 49000 53000 8%
93-01361/C48-1D 49000 50000 2% < 20 58000 15600 58% 12100 81%
93-01365/C49-1B 25800 27100 5%
93-01366/C48-1C 42000 45000 7% 56000 13300 105%
93-01367/C49-1D 46000 44000 4%
93-01358/C47CMP 38000 40000 8% < &0
93-01363/C48CMP 42000 48000 13%
93-01371/C49CMP 38000 39000 3%
93-01354/0L 71000 71000 0% < 50 74000 el 11500 T7%

2300

NOTES:

TRUE= 15000 ug/mtL

1. THIS DATA SUMMARY SHEET INFORMATION 1S NOT COMPLETE WITHOUT THE RUN NARRATIVE.

o - [ %] N

. Calculale spike control recovery: ( spike cantrol } / true value for analyie In stock spikae.

. Calculate sample values: analyie in sample extract x (sampla wt. + diluent wt.)/ sample wi
. Calculate spike recavery: (4" - “1*)EXPECT" or, "4"/EXPECT" it"1" < sampla del. iim.; ****" indicates "1"/EXFPECT" > 4.

SAMPLES ANALYZED AT BATTELLE-PNL, ACL-INORGANIC IC LAB, ROOM 400, 325 BLDG.

. Nomaenclature used for this data sal; 1 = Sample; 2 = Dupllcatae; 3 = Blank; 4 = Sample spike ; 5 = Splke Control.

»
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NITRATE
SAMPLE VALUES ARE IN ug!g TANK C-109, CORE 47 TO 49
SMPL DUP ’ BLANK | <--- SAMPLE SPIKE -—-> |[SPIKE CONTROL
SAMPLE 1D 1 2 RPD 3 4 EXPECT | % REC 5 % REC
93-01355/C47-1B 26900 28300 5% < 20 56500 24400 121% 26200 131%
93-01356/C47-1C 36000 36000 0%
93-01357/C47-1D 38000 38000 3%
93-01360/C48-1C 55000 57000 4%
93-01361/C48-1D 52000 55000 6% < 20 78000 20700 126% 26600 133%;
93-01365/C49-1B 25200 26200 4%
93-01366/C49-1C 40000 44000 10% 68000 17800 157%
93-01367/C49-1D 44000 42000 5%
93-01358/C47CMP 37000 37060 0% < 60
93-01363/C48CMP 45000 51000 13%
93-01371/C49CMP 35000 37000 6%
93-01354/DL 72000 0% < 50 79000 3100 bl 27500 138%

72000

NOTES:

TRUE = 20000 ug/mL

1. THIS DATA SUMMARY SHEET INFORMATION IS NOT COMPLETE WITHOUT THE RUN NARRATIVE.

ooa e

Calculate spike control recovery: ( spike control ) / true valua for analyta in stock splke.

Calculate sample values: analyle in sample extract x (sampte wi. + diluant wl.)/ sample wt.

Calculate spike recovery: {"4" - "1*)"EXPECT" or, *4"/'EXPECT" Il “1* < sample det. lim, ; “**** Indicates "1*/EXPECT > 4.

SAMPLES ANALYZED AT BATTELLE-PNL, ACL-INORGANIC IC LAB, ROOM 400, 325 BLDG.

Nomenclature usad for this data set: 1 = Sampie; 2 = Duplicate; 3 = Blank; 4 = Sample spike ; 5 = Spike Confrol.

8IBULILN DI ‘@31lsodwo) pinbi)
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PHOSPHATE
SAMPLE VALUES ARE IN ug/g TANK C-109, CORE 47 TO 49
SMPL DUP BLANK | <--- SAMPLE SPIKE -—~> |SPIKE CONTROL
SAMPLE ID 1 2 RPD 3 4 EXPECT | % REC 5 % REC
93-01355/C47-1B 7100 7500 5% < 20 11300 4270 98% 3500 100%
93-01356/C47-1C 9600 9500 1%
83-01357/C47-10 34000 55000 47
93-01360/C48-1C 15000 16500 10%:
93-01361/C48-1D 38000 34000 119 < 20 631000 3600 ol 3500 100%
93-01365/C49-1B 6000 6200 3%
93-01366/C49-1C 8900 8700 2% 11200 3110 74%
93-01367/C49-1D 24300 26000 7%
93-01358/C47CMP| 20100 24000 18% < 60
93-01363/C48CMP| 35200 17500 69%
93-01371/C49CMP 13500 12000 12%
.93-01354IDL 13500 13500 0% < 50 14300 540 haladad 3500 100%

NOTES:

1. THIS DATA SUMMARY SHEET INFORMATION IS NOT COMPLETE WITHOUT THE RUN NARRATIVE.

YRAUE= 3500 ug/ml.

- Nomenclalure used for this data set: 1 = Sample; 2 = Duplicate; 3 = Blank; 4 = Sample spike ; 5 = Spike Control.

. Calcutale spike recovery: (4" - “1°)fFEXPECT" or, “4"[EXPECT" if“1* < sampie del. fim. ; “**** indicates “1"/EXPECT" > 4.

2
3. Caiculale sample values: analyle in sampla extract x (sample wt. + diluant wt.}/ sample wi.
4
5

. Calculate spike control recovery: ( spike conltrol } { true valua for analyle in stock spike.

SAMPLES ANALYZED AT BATTELLE-PNL, ACL-INORGANIC IC LAB, ROOM 400, 325 BiDG.

-

’
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SULFATE
SAMPLE VALUES ARE IN ug/g TANK C-109, CORE 47 TO 49
SMPL ouP BLANK | <-— SAMPLE SPIKE ---> |SPIKE CONTROL
SAMPLE D 1 2 RPD 3 4 EXPECT | % REC 5 % REC
93-01355/C47-1B 4900 5200 6% 40 9700 4580 1059 4000 107%
93-01356/C47-1C 7100 7100 0%
93-01357/C47-1D 7600 7100 7%
93-01360/C48-1C 10800 11200 4%
93-01361/C48-1D 10000 10000 04 - 40 13000 3900 77% 4000 107
93-01365/C49-18 4500 4800 5%
93-01366/C48-1C 7900 8400 6% 11900 3340 120%4
93-01367/C49-1D 7900 8300 5%
93-01358/C47CMP 7200 7400 3% 70
93-01363/C48CMP 8900 9600 8%
93-01371/C49CMP 6200 6900 1%
93-01354/DL 12800 12800 0% < 50 13700 580 | **+ 3900 104%

NOTES;

TRUE= 3750 ug/mL

t. THIS DATA SUMMARY SHEET INFORMATION IS NOT COMPLETE WITHOUT THE RUN NARRATIVE,

LA

~ds

Calculate spike control racovery: ( spike conltrol ) / true value for analyta in stock spike.

Calculate sample values: analyta in sample extract x (sample wt. + diluent wi.)/ sample wt.

Calculale spike recovery: ("4" - "1")}/'EXPECT" or, “4"f'EXPECT" il 1" < sample det. lim.; "**** indicates “1*/EXPECT" > 4.

SAMPLES ANALYZED AT BATTELLE-PNL, ACL-INORGANIC IC LAB, ROOM 400, 326§ BLDG.

Nomenciature usad for this data set: 1 = Sampie; 2 = Duplicate; 3 = Blank; 4 = Sample spike ; 5 = Spike Conlral.

‘3v-¢ @lqel
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FREE CN
SAMPLE VALUES ARE IN ug/g TANK C-109, CORE 47 TO 49
SMPL DUP BLANK | <-- SAMPLE SPIKE --> |[SPIKE CONTROL
SAMPLE 1D 1 2 RPD 3 4 EXPECT | % REC 5 %lREC
;);-ouassfcw-la 550 590 7% < 0.2
93-01356/C47-1C 840 812 3%
93-01357/C47-1D 910 900 1%
93-01360/C48-1C 1473 1478 0%
92-01361/C48-1D 1350 1370 1% < 0.2
93-01365/C49-18 250 380 8%
93-01366/C45-1C 620 870 a4
93.01367/C49-tD 700 730 4%
93-01358/C47CMP 820 810 19 < 1.2
93-01363/C48CMP 1230 1320 7%
93-01371/CASCMP 540 560 4%
93-01354/0L 1320 1350 2% < 0.5

NOTES:

THERE ARE NO SPIKES OR SPIKE CONTROLS FOR THIS SET OF DATA.

1. THIS DATA SUMMARY SHEET INFORMATION IS NOT COMPLETE WITHOUT THE RUN NARRATIVE.

SAMPLES ANALYZED AT BATTELLE-PNL, ACL-INORGANIC IC LAB, ROOM 400, 325 BLDG.

Calculate spike control recovery; ( spike control ) / true value for analyte in stock spike.

Calculate sampla values: analyte in sampla extract x (sample wt. + diluent wi.}/ sample wi.
. Calculate spike recovery: ("4" - *1*}'EXPECT" or, "4"fEXPECT" i "1° < sample det. llm. . ***** indlcales “1*/EXPECT" > 4.

. Nomenclature used for this data set: 1 = Sample; 2 = Duplicate; 3 = Blank; 4 = Sample spike ; 5 = Spike Control.

-t
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Table 2-4h: SST C-109, Hot-Cell Blank, IC

ION Chromatography Report

Simple values are in ug/ml.

SAMPLE 1D F CL NO NO PO S0 CN
93-01327-N1, Sample <0.5 ] 0.5 | 2.3 7 2 2 0.14
93-01327-N2, Duplicate <0.5 [ 0.5 { 2.3 7 2 2 0.15
93-01372-N1, DIW Blank <0.5 | <0.5 | «I1 <1 <l <1 | <0.05

2-46
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Table 2-5: SST Cores 47, 48, and 49 Core Compasites GFAA Reéu]ts

Sb As Se

Lab_ ID# Sample 1D _ua/q Ld/q ©q/q
93-01358-A1/B1 Core 47 Composite <3.1 73 2.4
-A2/B2 Duplicate <3.2 89 <2.4

-A3/B3 Process Blank <0.6 <0.5 .<0.3
93-01363-A1/B1 Core 48 Composite <0.6 1.4 <2.4
-A2/B2 Duplicate <0.6 2.3 <2.5
93-01371-A1/B1 Core 49 Composite <2.9 118 <2.3
-A2/B2 Duplicate <2.9 110 <2.3

-A3/B3 Process Blank <0.6 1.0 - <0.3

e/t _wa/l

93-01327-G1 Hot Ce1T‘Blank nd 2.2 <l.2
93-01372-6 DIW Blank nd 2.2 1.2
Lab _ID# QC Sample [D %Rec %Rec %Rec
93-01358-A4/B4 Core 47 Spiked Sample n/a n/a n/a
-A5/85 Spike Blank 93% 102% 84%
93-01363-A4/B4 * Core 48 Spiked Sample 71% 72% n/a
93-01371-A4/B4 Core 49 Spiked Sample n/a n/a n/a
-A5/B5 Spike Blank 91% 98% 87%

Notes:

Sample designator = "A" for Sb and "B" for As and Se.

Process Blank: ug/g results adjusted for sample dilution factors.
"n/a" = spike less than 25% of sample resuit or diluted below IDL.
nd = not determined

2-48
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Table 2-6: SST Cores 47, 48, and 49 Core Composite Hg, Cr(VI),
and NH,-N Inorganic Results

MERCURY: Core Composites, Liquid Composite, and Cell Blank

** Recovery**

LR L L E S 2 RBSUIIS LE LR Spike Spike
Sample Dupl. Blank RPD Sample Control
Core 47 Composite
93-01358-D1-D5 (ng/g) 85 9.2 <(.008 8.2% (a) 128%
Core 48 Composite '
93-01363-D1/D2/D4  (pg/g) 6.5 6.6 2.2% (a)
Core 49 Comp'os'ite
93-01371-D1/D2/D4  (pg/g) 6.5 6.8 4.2% (a)
Liquid Composite
93-01354-N1-N5 (ng/g) 0.090 0.092 <0.001 1.4% 129% 96%
(ng/l) 110 112 <0.6
Cell Blank
93-01327-D1-D3 (rg/L) <0.3 <0.3 <0.3 (b)

. Chromium (VI} and Ammonia (NH.-N): Core Composites

EEEELE L] Resu[ts EEE RS 3

Sample Dupl. _Blank - RPD

Core 47 Composite

93-01358-C1-C3 Cr(VI) (pgle) 48 46 <5 4%
NH4N  (pg/g) 44 43 <5 3%
Core 48 Composite '
93-01363-C1-C2 Cr(VI) (pg/g) 36 37 3%
NH,-N (pg/g) 64 58 11%
Core 49 Composite . |
93-01371-C1-C2 Cr(VI) (pg/g) 29 60 70% (c)
Cr(VI) rerun - 27
NH;-N  (pg/g) 52 57 8%

Notes: . ‘
(a) Hg spike <<25% of sample Hg concentration; spike unrecoverable.
{b) Since both Hg results are less than Detection Limit, RPD is N/A.
{c) Reason for high RPD is unknown; insufficient sample to rerun Quplicate.

2-53
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Table 2-7: SST Cores 47, 48, and 49, TOC/TIC/TC Results

T0C (ug9/q) TIC (ug/qg) 1C {ua/q)
Direct - Quarter Segments
Care 47
1B 93-01355-J1 2200 5500 7800
-J2 2100 5300 7400
-J4 Spiked Spl 127% Recov 87% Recov
1C 93-01356-J1 2000 5000 7100
-J2 2000 5400 7300
1D 93-01357-J1 2200 5300 7500
-J2 2200 5400 7700
Core 48
1C 93-01360-J1 3500 8300 12000
-J2 3800 9000 13000
1D 93-01361-J1 3800 7100 11000
-J2 3200 7800 11000
-J3 Method Blk 99 70 170
-J4 Spiked Spt | 111% Recov 96% Recov
1D 93-01361-J1 {(repeat) 3000 6500 9500
-J2 (repeat) 3100 6300 9400
-J3 (repeat) 16 6 22
Core 49
1B 93-01365-4J1 1700 3900 5600
-Jz2 . 1900 3900 5800
-J4 Spiked Spl 118% Recov 120% Recov
1C 93-01366-4J1 2100 6500 8600
-J2 2300 6700 . 3000
ID 93-01367-J1 2600 6600 9200
-J2 2500 7000 9600
-J3 Method Blk 54 17 71
2-56
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Table 2-7: SST Cores 47, 48, and 49, TOC/TIC/TC Results, cont’d

. T0C (ua/q) TIC (pg/q) TC (pa/q)
Direct - Core Composites
Core 47 Composite
93-01358-J1 3000 5800 8800
-J2 3300 5800 9100 -
-J3 Method Blk < 50 < 50 < 50
Core 48 Composite
93-01363-J1 2900 5000 7900
-J2 3000 5300 8300
Core 49 Composite
93-01371-J1 2100 5100 7200
-J2 2800 5700 8500
-J3 Method Blk < 50 53 53
Water leach - Core Composites
Core 47 Composite
93-01358-C1 2460 5420 7880
-C2 . 2150 5390 8140
-C3 Method Blk 90 150 240
Core 48 Composite
93-01363-C1 3330 5520 8850
-2 2830 5770 8600
Core 49 Composite
93-01371-C1 2210 4540 6750
-C2 2440 4290 6730
Liquid Composite (Water Leach)
93-01354-C1 2500 6300 8800
-C2 2700 6000 8700
-C3 Method Blk < 10 < 10 < 10

T0C (ug/ml)  TIC (ug/mi) TC (ug/ml)
Hot Cell Blank

93-01327 3 2 5
93-01372 DIW Blank 1 < 0.5 1
2-57
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Table 3-la: SST Cares 47, 48, and 49, Gamma Energy Analysis (GEA) Results
Ca{60) +- % Cs{137} +/- % Eu(152) +/-% Eu(i54) +/- % Eu(155) +/- % am(241) +/- %
Sample ID * Hcifg error  Mci/g error  fici/g error ficifg error  Jki/g error  Jci/g error

Tank C-109 Liquid Composite

*33-01354-N-1 Afsmp 1.46E-03 5 5.60€00 4 <2.8E-04 <2.4E-03 <1.4E€-03
*93-01354-N-2 A/dup 1.45E-03 6 5.62E00 4 <3.2E-04 <2.4E-03 <1.4E-03
*93-01354-N-3 A/blk <7E-0F <2E-05 <§.7E-06 <6.0E-06 <3.56-~06
*93-03290-N DIW <4E-06 2.94E-05 17 <7.5E-06 <7.7E-06 <4.4E-06
Tank C-109, Core Composite, Water Leach

Core 47

83-01358-C-1 W/smp 7.27E-04 17 9.07E+00 4 <2.0E-03 <8.0£-03 <3.9£-03
93-01358-C-2 W/dup 6.47E-04 19 9. 40E+00 4 <2.4£-03 <8.1E-03 <4.0E-03
93-01358-C-3 W/blk <2.BE-04 4.67E-03 7 <7.7E-04 <5.2€-04 <2.2E-04
Core 48

93-01363-C-1 W/smp 9.53E-04 14 7.95E+00 4 <7 .6E-04 <7.0E-03 <3.3E-03
93-01363-C-2 W/dup 1.10E-03 13 1.07E+01 4 <5_5E-04 <8.1E-03 <3.9£-03
Core 49

93-01371-C-1 W/smp 5.73E-04 22 5.61E+00 4 <1.7€~03 <6.1E-03 <3.0E-03
93-01371-C-2 W/dup 6.88E-04 19 4.95E+00 4 <1.2E-03 <5.7E-03 <2.8E-03
Tank C-109, Core Composite, Fusion

Core 47

93-01358-H-1 F/smp <2.5E-02 8.70E+02 4 <2.4E-01 <8.4€-01 <5.6E-01
93-01358-H-2 F/dup <2.3E-02 8.77E+02 4 <2.5E-01 <8.8E-01 <5.8E-01
93-01358-H-3 F/blk <6.1E-04 1.75E-02 6 <5.4E-04 <1.1E-03 <5.36-04
Core 48

93-01363-H-1 F/smp <2.4E-02 1.11e+03 - 4 <7.2E-02 <1.2E0 <7 .5E-01
93-01363-H-2 F/dup <2.9E-02 §.52E+02 4 <7.3E-02 <1.1E0 <6.7E-01
Core 4%

53-01371-H-1 F/smp <1.2E-02 5.47€+02 4 3.80£-01 11 <5.3E-01 <3.5€-01
93-01371-H-2 F/dup <1.5E-02 5.66E+02 4 3.33e-01 9 <5.1€-01 <3.3E-01
Tank C-109, Hot Cell (Results are in lci/ml)

93-01324-G-1 bik 4_18E-03 4 6.50€-0G5 20 8.68E-05 9 3.3E-05 <2E-05
93-01327-6-2 dup 2.86E-03 4 5.67E-05 8 9.41E-05 4 2.1E-05 19 <]1.5-€
93-01372-6G-3 water . 4.24E-05 4 <2E-06 <2E-06 <1E-06 <7E-07

A=Acid Leach, W=Water leach, F=Fusion., smp=sample, dup=duplicate, blk=blank
" = Results are in UCi/ml. '
.
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Table 3-1b: SST Cores 47, 48, and 49, GFA Results, cont’d

Co{60) +/- % Cs(137)  +/- %  Eu(l54) +/- % Eu(155) +/- % Am(241) +/- %
Sample ID * Mcilg error  jci/g error  jei/g error  lci/g error  lci/g error

Tank C-109, Quarter Segments, fusion

Core 47-18
93-01355-H-1 F/smp <3.2E-02 3.17€E+02 4 9, 54E-01 ] 8.82€£-01 16 8.09E-01 20
93-01355-H-2 F/dup <2.3E-02 3.57E+02 4 8.10e-01 & 1.43E+00 11 6.92E-01 24
93-01355-H-3 F/blk <6_5E-04 3.80E-01 4 <1.3E-03 <2.4E-03 <}.3E-03
Core 47-1C
93-01356-H-1 F/smp <2, 2E-02 8.12E+02 4 <1.3E-01 <8.6E-01 <4 BE-01
93-01356-H-2 F/dup <2.7E-02 7.31E+02 4 <]1.3E-01 <8.6E-01 <4 . 8E-01
Core 47 1D
93-01357-H-1 F/smp <2.3E-02 9.71E+02 4 <1.2E-01 <1.LEO <6.0E-01
93-01357-H-2 F/dup <1.BE-02 9.23E+02 4 <].0E-01 <9, 4E-01 <5.1E-01
Core 48-1C
93-01360-H-1 F/smp <1.7E-02 1.17€+03 4 <7.7E-02 <] . QE0 <5.5E-01
93-01360-H-2 F/dup <1.4E-02 1.14E+03 4 <7, 4E-02 «<].2E0 <6.3E-01
Core 48-10 ‘
LT 93-01361-H-1 F/smp <1.6E-02 1.22€+03 4 <9.0E-02 <1 2EQ <§.3E-01
e 93-01361-H-2 F/dup <1.5E-02 1.11E£+03 4 <1.0E-01 <[.2E0 <6.3E-01
ff:ﬁ 93-01361-H-3 F/blk 9.6BE-04 15 1.31E+00 4 <7 0E-04 <3.8E-03 <1,8E-03
e Core 49-1B
< 93-01365-H-1 F/smp <1.3E-Q? 1.21E+02 4 9.49€E-01 4 1.19€+00 8 5.94E-01 18
o 93-01365-H-2 F/dup <1.3E-02 1.15E+0Q2 4 6.09E-01 4 6.67E-01 9 4.46E-01 15
Core 49-1C .
93-01366-H-1 F/smp <1.1E-Q2 5.53€+02 4 <6, 4E-02 <4 2E-01 <2.3E-01
93-01366-H-2 F/dup <1.BE-03 1.44E+02 4 <1.3E-02 <B.3E-02 <4 2E-02
Core 43-1D
931-01367-H-1 F/smp <l.1E-02 6.60E+02 4 <§.3E-02 <4, 7E-01 <2.6E-01
$3-01367-H-2 F/dup <1.1E-02 7.43E+02 4 <G.1E-02 <5.1E-01 <2.7€-01

Tank C-108, Quarter Segment Homogenization Test, Acid
Core 48-1D

93-01361-A-1T A/smp 8.52E+00
93-01361-A-2T A/dup 1.66E+0L
93-01361-A-1B A/smp 8.81E+00
93-01361-A-2B A/dup 1.43E+01
93-01361-A-3 A/blk 8.73E-01

Core 49-1D

93-01367-A-1T A/smp 3.54€+01
93-01367-A-2T A/dup 4.34E+01
93-01367-A-1B A/smp 1.93E+01
93-01367-A-28 A/dup 2.74E+01
93-01367-A-3 A/blk 1.59E+00

Tank C-109, Cores 47-48-49 Quarter Segment Homogenization Test, Fusion

Core 49-1D

$3-01367-H-1T F/smp 7.13E+02
93-01367-H-2T F/dup 7.50€+02
93-01367-H-1B F/smp 6.96E+02
93-01367-H-28 F/dup 7.00E+02
93-01367-H-3 F/bik 1.99E+40

A=Acid Leach, W=Water Leach, F=Fusion, smp=sample, dup=duplicate, blk=blank
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Table 3-2: SST Cores 47, 48, and 49, Alpha Analysis Results

Tot Alpha +f- % Tat Alpha Pu  +/- % Am-241
Sample [D Heilg error Heifq error Heifg

Tank C-109 - Liquid Composite

93-01354-N-1 A/smp < 5E-05 * @ 8
93-01354-N-2 A/dup < SE-Q5 * @ e
93-01354-H-3 A/blk < 1E-06 * @ ]
93-03290-N < 9g-07 * @ e
Tank C-109, Care Composite, Water Leach

Core 47

93-01358-C-1 W/smp 5.08E-03 11

93-01358-C-2 W/dup 4_53E-03 12

93-01358-C-3 W/blk < 1E-04

Core 48

93-01363-C-1 W/smp 1.37E-04 55

93-01363-C-2 W/dup 1.32€-04 62

93-01363-C-3 W/blk

Core 49

93-01371-C-1 W/smp 6.91E-04 17

93-01371-C-2 W/dup 5.58E-04 18

93-01371-C-3 W/blk

Tank C-109, Core Composite, Fusion

Core 47

93-01358-H-1! F/smp 9,24€-01 3 8.05E-01 7 2.50E-01
93-01358-H-2 F/dup 1.06 3 9.49¢€-01 7 3.90£-01
93-01358-H-3 F/blk <3£-04 2.45E-04 19 <1E-04
Core 48

93-01363-H-1 F/smp 5.79€~02 5 §.95E-02 7 8.88E-03
93-01363-H-2 F/dup 7.12E-02 5 6.66E-02 7 1.13E-02
Core 49

93-01371-H-1 F/smp 1.22€-01 4 6.59E~02 7 1.31€-01
93-01371-H-2 F/dup 1.36E-01 4 9.21E-02 7 1,35€-01
STANDARD (% RECOVERY) 93 96
BLANK 2.16E-06 13 <4£-07

Tank £-109, Quarter Segment Homogenization Test, Acid
Core 48

93-01361-A-1T 6.18E-02 5

93-01361-A-18 6.74E-02 5

93-01361-A-2T 5.00E-02 5

93-01361-A-28 5.26E-02 5

93-01361-A-3 3.25E-04 42
Core 49

93-01367-A-17 3.58E-02 6

93-01367-A-18 4.46E-02 5

93-01367-A-27 5.94E-02 5

93-01367-A-28 5.23E-02 5

93-01367-A-3 4,.52E-04 30
Tank C-109, Hot Cell Blank

93-01327-G-1 btk 1.26-05 * 10
93-01327-G-2 dup 1.0E-05 * iz
93-01372-G-3 water <2E-07 *

A=Acid Leach, W=Water lLeach, F=Fusion, smp=sample, dup=duplicate, bik=blank
@ Total alpha concentration is so low that the analysis of alpha emitting isotopes was not performed.
* Results are in Uci/ml.
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Table 3-3ag SST Cores 47, 48, and 49, Beta Analysis Results

Tot Beta®  +/- % Sr-90 - % Te-99
Sample ID Hei/g errar Hoi/g error Heifg

Tank £-109 - Liquid Composite

93-01354-N~-1 A/smp 5.40€00 * 4 1.07e-02 * 11 1.54E-01 *
93-01354-N-2 A/dup 5.46E00 * 4 0.96E-02 * 11 1,58E-01 *
93-01354-N-3 A/b1k 4 .48E-06 * 30 <3E-05 * <4E-06 *
93-03290-N 1.94€-04 * 8 1.74E-04 44 <3E-06 *
STANDARD (% RECOVERY) 100 7 106
8LANK 1.2e-04 * 79 <3E-06
Tank C-109, Core Composite, Water Leach

Core 47

93-01358-C-1 W/smp 1.38E+01 3

83-01358-C-2 W/dup 2.09E+01 3

93-01358-C-3 W/blk <BGE-03

Core 48

93-01363-C~-1 W/smp 7.49E+00 3

93-01363-C-2 W/dup 9.70E+00 3

Core 49

$3-01371-C-1 W/smp 9.04E+00 3

83-01371-C-2 W/dup 8.43E+00 3

Tank €-109, Core Composite, Fusion

Core 47

93-01358-H-1 F/smp 2.94E03 3 1.05E03 7 1.07€-01
93-01358-H-2 F/dup 2.55E03 3 1.30E03 7 1.09€-01
93-01358-H-3 F/blk 2.65€-02 3 <BE-03 <2E-03
Core 48

93-01363-H-1 F/smp 1.41€03 3 1.90€£02 8 1.17E-01
93-01363-H-2 F/dup 1.20€03 3 1.90€02 8 1.14E-01
Core 49

93-01371-H-1 F/smp 2_.42E03 3 8.77E02 7 9.36€-02
93-01371-H-2 F/dup 2.17€03 3 9.86E02 7 9.51E-02
STANDARD (% RECOVERY) 100 104

BLANK (fei/ml} 1.26-04 * < JE-B
Tank C-109 Hot Cell Blank

93-01327-6-1 blk 3.08€-02 * 3

83-01327-G-2 dup 3.27€-02 * 3

93-01372-G water B.21E-05 * 4

* Reported as Sr-90 - Y-90
A=Acid Leach, W=Water Leach, F=Fusion, smp=sample, dup=duplicate, blk=blank
* Results are in Uch/ml,
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Table 3-3b: SST Cores 47, 48, and 49, Beta Analysis Results, cont’d

Sr-90 - %
Sample 1D ] HCi/g error
Tank C-109, Quarter Segments, Fusion
Core 47-18B
93-01355-H-1 F/smp 4.60€03 7
93-01355-H-2 F/dup 4. 51E03 7
93-01355-H-3 F/blk 3.27€E-02 25
Core 47-1C
93-01356-H-1 F/smp 4_.56£02 7
93-01356-H-2 F/dup 4.82%02 7
Core 47-1D
93-01357-H-1 F/smp 2.31€02 8
93-01357-H-2 F/dup 1.99€02 7
Core 48-1C
93-01360-H-1 F/smp 1.59€02 7
93-01360-H-2 F/dup 1.44E€02 8
STANDARD (% RECOVERY) 98
BLANK {tci/ml) <2E-05
Core 48-1D
93-01361-H-1 F/smp 1.27E02 7
93-01361-H-2 F/dup 1.14E02 g
93-01361-H-3 F/blk 3.09€-01 ]
Core 49-1B
93-01365-H-1 F/smp 2.56E03 7
93-01365-H-2 F/dup 2.23E03 7
33-01365-H-3 F/blk
Core 48-1C
93-01366-H-1 F/smp 2.02E02 7
93-01366-H-2 F/dup 1.89EQ2 7
93-01366-H-3 F/blk
Caore 49-10
93-01367-H-1 F/smp 1.88E02 7
93-01367-H-2 F/dup 1.87€02 7
93-01367-4-3 F/blk
STANCARD {% RECOVERY) 94
BLANK (et /ml} 9.28-05

A=Acid Leach, W=Water Leach, F=Fusion, smp=sample, dup=duplicate. blk=blank
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DATA REPORT
PHL Analytical Chemistry Lab.
Radicanalytical Group, 325 Building

Procedure:
LRB’s;

Cognizant Scientist:

Reviewed by: Aﬁ'ﬁepﬂ

WP I
MATE:

Date; 2/22 /£2
Date: X2 ¥ J

Uranius Analysis Results .

. Uranium
Sample D ma/g
Tank C-109 - Draipnable Liquid
93-01354-N-1 Afsmp 3.65€-3 * 7,
93-04354-H-2 Afdup 3.84€-3 *
93-01354-N-3 A/blk « 2E-B ¢
93-03290-N < 2e-6 *
STANDARD % RECOVERY W
BLANK < JE-§ *
Cores 47-48-49 Solid Care Composite
91-01358-H-1 F/smp 1. 17€+01
93-01358-0-2 F/dup L.22E+01L
93-01358-H-3 F/blk 1. 48E-02
93-0t163-H-1 F/smp 3.00E+01
93-01363-H-2 F/dup 2.51E»01
93-01371-H-1 F/smp 7.63£+00
93-01371-H-2  F/dup T.42E+00
STANDARD [X RECOVERY) 1140 -
BLAKK <SE-7

A=Acid Leach, W=\ater Leach, F=Fusion, smp=sample, dup=duplicate, blk=blank

* Results are in mg/ml .

+f- %
error

10
10
10
10
10
10
10

0 A3H "9E0-dQ-M-QS-OHM
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Table 3-%: SST Cores 47, 48, and 49, Liquid Scintillation Counting Analysis Results

c-14 +- % H-3 +/- % 5e-79
Sampte 1D . Hei/ml error Hcifq arror Meifg

Tank €-109 - Liquid Composite

93-01354-N-1 A/smp -03 3.288-03
93-01354-N-2 A/dup 03 3.29€-03
33-01354-N-3 A/blk <4E-07
93-03290-8 2.7E-05 2.B61€-05
STANDARD (% RECOVERY) 94

~n R
= Ln

* % % *

Tank C-109, Core Composite, Water Leach

Core 47

93-01358-C-1 W/smp <5.0E-06 7.14E-03
93-01358-C-2 W/dup 6.3£-06 .B9E-03
93-01358-C-3 W/blk <5.0€-06 .BBE-03
Core 48

93-01363-C-1 W/smp 2.0£-05
93-01363-C-2 W/dup 1.6E-05
Core 49 :

93-01371-C-1 W/smp 3.7E-08 7.23E-03
93-01371-C-2 W/dup 3.4E-05 5.47E-03
STANDARD (% RECOVERY) 1086
BLANK (Lici/mt) <8E-07

[P el
(W IV 74

.15E-03
L73E-03

[= /]
[P

2

Tank C-109, Core Compasite, Fusion

Core 47

93-01358-H-1 F/smp <8E-05
93-01358-H-2 F/dup <8E-05
93-01358-H-3 F/blk <8E-05
Core 48

93-01363-H-1 F/smp 6E-0%
93-01363-H-2 F/dup <5E-05
Core 49

93-01371-H-1 F/smp <5E-05
93-01371-H-2 F/dup 5E-05.
BLANK (Uci/mt) <2E-07 *

A=Acid Leach, W=Water Leach, F=Fusion, smp=sample, dup=duplicate, blk=blank
* Results are in Uei/ml.
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Table 3-6: SST Cores 47, 48, and 49, Pu MS Isotopic Percent

SampTe 1D 234 235 236 238

Tank C-109 - Liquid Composite
93-01354-N-1 A/smp

93-01354-N-2 A/dup U concentration too low for Mass Spe¢ analysis
93-01354-N-3 A/blk

93-03290-N

Tank C-10%, Core Composite, Fusion

Core 47

93-01358-H-1 F/smp 0.0059 (.6580 0.0100 99.3261
93-01358-H-2 F/dup 0.0082 0.6568 0.0107 99.3265
93-01358-H-3 F/blk

Core 48

93-01363-H-1 F/smp 0.40058 0.682 0.0059 99.3065
93-01363-H-2 F/dup 0.0058 0.6883 0.0049 99.3010

Core 49 .

93-01371-KH-1 F/smp 0.0051 0.5792 0.0079 99.3077
93-01371-H-2 F/dup 0.0056 0.6713 0.0089 99.3141

Sample 10 238 239 240 241 242

Tank C-109 - Liquid Composite
93-01354-N-1 A/smp

93-01354-8-2 A/dup Pu concentration too low for Mass Spec analysis
93-01354-N-3 A/blk :

93-03230-N

Tank C-109, Care Composite, Fusion

Core 47 -

93-01358-H-1 F/smp 0.005 93.3295 §.5200 0.1214 0.0238
93-01358-H-2 F/dup 0.005 93.1179 6.7311 g.1217 0.0242
93-01358-H-3 F/blk -

Core 43

93-01363-H-1 F/smp 0.005 97.8337 2.1208 0.029 0.0113
93-01363-H-2 F/dup 0.017 97.4374 2.4782 0.0438 0.0239
Core 49 .

93-01371-H-1 F/smp 0.011  94.3880 4.8456 0.1212 0.0346
93-01371-H-2 F/dup 0.017 94,3378 4.9115 0.1025 ¢.0311

A=Acid Leach, W=Water Leach, F=Fusion. smp=sample, dup=duplicate. blk=hlank
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Extractable Organic Halide Analvsis Results

The Core 49 core composite (93-01371) was analyzed in duplicate for the
presence of extractable organic halides. Insufficient sample was available
from the Core 47 and 48 composites to perform this analysis. Three aliquots
of the sample were extracted in the SAL according to procedure PNL-ALD-320,
"Extractable Organic Halides." These samples (a blank, sample, sample
duplicate, matrix spike) were then analyzed using method PNL-ALO-320 using a
Dohrmann, microcoulometric titration, halogen analyzer,

Table 4-1: SST Core 49, Extractable Organic Halide Data

ACL Sample Number Description Halide Conc.
93-01371-F1 CORE-49 SAMPLE 11 pg/g
93-01371-F2 CORE-49 SAMPLE DUPE <10 ug/9g
93-01371-F3 METHOD BLANK <10 pg/q
93-01371-F4 CORE-49 MATRIX SPIKE 91% Recovery

The Halide concentrations are based on the total wet weight of the . v
sample aliquot received from the hot cells.

Each aliquot from Sample 93-01371 appeared to be similar in color and
consistency. The color of the sample was tan and appeared very dry. A pH
adjustment was required prior to extraction. Halide was detected at the
detection limit for this method, which is 10 pg/g. The spike recovery was
within the current established guidelines for this procedure.

4-58
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$%Battelle

Pacific Northwest Laboratories
Barttelle Boulevard

P.O. Box 999

Richland, Washington 99352
Telephone (509)

376-2639
September 9, 1993

Brett C. Simpson, R2-12
Westinghouse Hanford Company
P. 0. Box 1970

Richland, WA 99352

Dear Brett:
ACL RESPONSE TO THE C-109 DATA VALIDATION REPCRT

Please find attached the Pacific Northwest Laboratory Analytical Chemistry
Laboratory response to the HASM validation report of the Tank C-109 data.

This response was originally issued to K. N. Pool (HASM}. The content of this
document is only a response to the issues raised in the validation report and
in no way does our response requalify the data. We have asked in this
document that the usability of the radiochemical data be reevaluated in terms

of its adequacy for its intended use. "

Please feel free to call if you have questions regarding the C-109 data or the
attached document.

Sincerely,

Susan G. McKinle

PNL TWC Project Manager
Analytical Chemistry Laboratory
SGM/rmn

Attachment

cc: K. J. Kuhl-Klinger

Project File - 16021
File/LB
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ACL RESPONSE TO €-109 DATA VALIDATION REPORT

The following response is based upon the Chemicaf and Radiochemical Data
Validation Narrative pdrtions of the C-109 Data Validation Report. This
response is formatted in the exact order as presented in the Report.

Inductively Coupled Arqon Plasma {ICP)

Regarding IEC Corrections: The application of qualifiers to IEC corrected
data had minimal impact on this data package. Therefore, no response is
warranted.

Arsenic by ICP: The Validator qualified arsenic results as "R" (unreliable}
because of unacceptable initial calibration verification (ICV) results.

Please note that the ICV does not contain arsenic; the "true” concentration
reported was actually that for barium, not arsenic. The arsenic is compared
using a "MCV" standard at 10 ppm. A "Oon’t Say It--Write It" (DSI) to file is
attached to this response for inclusion in front of the ICP raw data. This
DSI alerts reviewers to the error. It should be noted that arsenic was
reported from the GFAA analysis as well. Since GFAA is more sensitive than
ICP for arsenic, the GFAA data should be used for assessment.

No additional issues of significance were noted for the remaining inorganic
analyses, ‘ ‘

Radiochemical Data Validation

The Validator qualified most radiochemical data as "R" (unreliable) due to
tack of evidence of spikes, carriers, or tracers.

Total Alpha/Beta: The Validator references a requirement for matrix spikes in
WHC-EP-210; the laboratory does not follow this plan. The ACL follows the
Technical Project Plan (TPP) and Quality Assurance Project Plan (QAPjP).
However, the qualification of data as "unreliable" due to lack of a matrix
spike appears extreme; no chemical separations are performed, and alpha and
beta can be compared against the major contributing isotopes. The sample is
evaporated onto a counting plate and total count rate is reported.

The Validator references the lack of Counter Control data. Counter Control
data start on page E04-204 for alpha and E05-174 for beta; this control data
is used as the daily instrument performance check and confirms validity of the
original calibration. Initial calibration data is not a required submission
under this project; counter control data is a required submission.

Americium-241: Matrix spikes, tracers or carriers were not performed and the
data was qualified as "unreliable." A standard and blank were processed
similarly to the samples. This standard recovered at 96%, indicating that no
processing arrors occurred. Plutonium and americium-241 account for the major
aipha present, and the sum of these isotopes compares well with the total
alpha. The ACL does not believe qualification of the data as "unreliable" is
Jjustified. -

Total Plutonium: Matrix spikes, tracers or carriers were not performed and
the data was qualified as "unreliable." As noted above, total plutonium and
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americium generally account for most of the alpha activity, and this data
compares well with the total alpha measurements. The ACL does not believe
qualification of the data as "unreliabie" is justified.

Neptunium-237: Tracers were not run and the data was therefore qualified as
"unreliable." A standard prepared similarly to the samples recovered well,
indicating adequate sample processing technique. The low levels of
neptunium-237 detected appear reasonable when added to plutonium and americium
for comparison to the total alpha. Qualification of the low-level
neptunium-237 does not appear to be reasonable.

Strontium-90: Carriers were not run and the data was therefore qualified as
"unreliable."” Good agreement was noted between the sum of the
strontium-90/yttrium-90 and cesium-137 with the total beta, three independent
techniques. For this reason, the ACL does not believe qualification of
results as "unreliable" is justified.

Technicium-99: Spikes or carriers were not performed and the data was

therefore qualified as "unreliable." The laboratory has not found a suitable
tracer for routine use. Standards processed similarly to the samples
recovered well, indicating acceptable sample processing. The technicium-99
and strontium-90 together compare well with the total beta. Qualification of
the results as "unreliable" does not appear to be justified.

Carbon-14: Matrix spikes were not performed and the data was therefore

qualified as "unreliable." The National Institute of Standards and
Technology (NIST) standards are prepared and analyzed similarly to the
samples. Recoveries were good, indicating acceptable preparation and
analysis. Qualification of the results as "unreliable" does not appear to be
Justified.

Selenjum-79: A carrier was not run and the data was therefore qualified as
"unreliable.” This statement is incorrect. The ACL adds metal carrier to
every sample and determines the yield gravimetrically. No data should have
been qualified as "unreliable."

Total Uranium: No problems were noted. No response required.

Gamma_Enerqy Analysis (GEA): No problems were noted. No response required,

Mass Spectrometry: A1l data was qualified as "unreliable" because of missing
data for daily standard run. A standard is run daily, when in use, for this
technique. See pages E09-026 through E0%-034 for daily standards.

Physical Testing: No problems were noted. No response required.

Additional Concerns: The Validator noted that the radiochemical calculations
were extremely difficult to verify because units were not included. The ACL
takes exception to the Validator’s comment. The raw data indicates counts,
time in minutes and all sample processing factors. The only units missing are
d/c or c/d for the efficiency; d/c or c¢/d can be ascertained quite easily by
noting whether the efficiency is greater or less than 1.0.
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ACL SUMMARY

The ACL is most concerned by the "unreliable" qualification of the
radiochemical data. Although carriers, tracers and/or spikes were not
performed for the majority of isotopes tested, the agreement between
independent techniques should be supportive of the reliability of results.
Consideration should also be given to the fact that standards are processed
similarly to the samples after hot-cell preparation. Standard recoveries were
acceptable for all isotopes reported, indicating acceptable sample processing
technique. If one assumes acceptable sample processing technique, then matrix
problems would be the final area of concern, Again, the fact that comparison
of results across multiple, independent techniques showed consistency in
agreement should further support data reliability. The ACL would therefore
ask that usability of the radiochemical data be reevaluated in terms of
adequacy for its intended use.

It is not our intent to question whether tracers, carriers and/or spikes would

have given more credence to the data, but rather that these quality control

. checks were not performed based upon verbal agreements between Westinghouse
and the ACL at the time. This data package is consistent with previous
submissions; until your validation report was received, there was no
indication that a problem existed. It has been the ACL’s perception that

previous data were found to be adequate for the intended use.
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